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Pref  ace 


The  purpose  of  this  study  was  to  determine  the  manage¬ 
ment  cost  associated  with  a  typical  Technology  Modernization 
Program  and  to  compute  a  return  on  the  government's  invest¬ 
ment  using  these  additional  costs.  This  study  was  conducted 
■for  HQ  AFSC/PMI  to  see  if  1)  savings  exist  when  personnel 
costs  are  considered,  2)  a  better  utilization  of  manpower 
could  be  made,  and  3)  the  payoff  for  future  Tech  Mod  pro¬ 
grams  could  be  established  when  alt  costs,  seed  money  and 
personnel,  were  considered. 

We  found  that  there  is  no  ‘typical*  Tech  Mod  program; 
the  verification  of  the  savings  data  is  difficult;  and  with 
the  reported  savings,  the  return  on  investment  is  reduced 
from  2%  -  23%  when  personnel  costs  are  included.  Future 
studies  are  needed  to  attempt  to  verify  the  purported 
sav i ngs . 

We  have  had  considerable  help  in  conducting  this  study. 
We  would  like  to  express  our  appreciation  to  Dr.  Richard 
Taliaferro,  our  advisor,  and  Captains  Dave  Odor  and  Brian 
Kochell,  HQ  AFSC/PMI,  for  steering  us  in  the  right  direc¬ 
tion;  and  to  the  ASD  Tech  Mod  Program  Managers  in  the  SPOs 
for  granting  interviews  necessary  for  the  completion  of  this 
project.  Finally,  we  would  like  to  thank  our  spouses,  Linda 
and  Olenn,  for  their  understanding  and  cooperation  through¬ 
out  this  project. 

Gregory  J.  S.  Eskesen  Janet  J.  Hockersmith 
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__ — — ^>Th  8  sftinveot  i  gat  i  outlines  the  factors  affecting  the 

slowed  productivity  growth  in  the  US  with  emphasis  on  D00 
contractors.  One  of  the  primary  causes  of  this  phenomena  is 
a  reduction  in  investment  for  capital  equipment. 

The  Technology  Modernization  Program  was  designed  to 
assist  defense  contractors  in  capital  investment  decisions. 
The  contractors  and  the  government  are  reporting  large  sav- 
ings  as  a  result  of  the  Tech  Mod  program. 

^  _  This  study  is  a  look  at  the  government's  investments  in 

y\  ACfr^'Tech  Mod  programs,  the  type  of  capital  equipment  being 
purchased  by  the  contractors,  and  the  government's  manage¬ 
ment  costs  for  the  programs.  The  analysis  of  the  govern¬ 
ment's  investments,  money  and  personnel,  was  made  to  deter¬ 
mine  the  overall  return  on  investment  rate  for  a  particular 


program 


AN  APPRAISAL  OF  THE  USAF  TECHNOLOGY  MODERNIZATION  PROGRAM 


I.  Introduction 

During  the  last  Mvtral  years,  the  United  States 
industrial  base  has  received  increased  attention  -from 
agencies  of  the  Federal  Government  including  the 
Congressional  Committee  on  Armed  Services  and  the  Department 
of  Defense  (49:5).  Of  particular  interest  is  the  problem  of 
slatted  productivity  growth.  The  Defense  industry  has 
received  particular  interest  from  Congress  in  the  area  of 
productivity.  This  is  evidenced  in  its  publication  of  The 
Ailing  Defense  Industrial  Base:  Unready  for  Crisis.  This 
study  indicated  that  one  of  the  main  problems  with  the 
Defense  industry  is  the  use  of  equipment  and  facilities  that 
are,  in  some  cases,  20  years  old  <49:17). 

As  part  of  the  military  attempt  to  improve  industrial 
productivity  in  the  aerospace  sector,  the  Aeronautical 
Systems  Division  <ASD)  of  Air  Force  Systems  Command  <AFSC) , 
has  selected  two  concepts  as  the  foundation  for  its 
productivity  enhancement  efforts  -  contracting  for 
productivity  and  modernizing  contractor  facilities  through 
their  Technology  Modernization  (Tech  Mod)  program  <2:i). 
Contracting  for  productivity  involves  such  things  as  the 
issuance  of  multiyear  contracts  and  contracts  based  on 


"Should  Cost"  studios  conducted  at  the  contractors 
facilities.  Tech  Mod  differs  -from  contracting  -for 
productivity  in  that  the  latter  involves  the  contractor  using 
his  existing  -facilities  and  equipment  -for  the  production  o-f 
weapon  systems.  The  Department  o-f  De-fense  <DOD>  expects  that 
these  contracting  procedures  will  induce  the  contractor  to 
m»ke  capital  investments)  but  any  investments  designed  to 
increase  productivity  and  lower  cost  would  be  o-f  the 
contractor's  own  initiative.  Whereas,  Tech  Mod  is  a  -form  o-f 
contracting  that  enables  the  contractor  to  make  these  capital 
investments  with  -financial  aid  and  encouragement  -from  the 
Government.  This  study  will  -focus  on  the  Technology 
Moderni2ation  aspect  o-f  the  productivity  enhancement  e-f-forts. 

The  proponents  o-f  Tech  Mod  believe  it  o-f-fers  an 
alternative  to  piecemeal  productivity  improvement  by 
systematical  1 y  performing  a  top-down  factory  analysis  of 
defense  contractors  facilities.  Tech  Mod  focuses  on  capital 
investment  and  technology  through  a  business  deal  centered  on 
cost  and  risk  sharing  by  DOD  and  industry  with  the  goal  to 
improve  contractor  product ivi ty .  Specifically,  the 
developers  of  Tech  Mod  hope  it  will  provide  for  reduced 
acquisition  costs,  reduced  lead  times  through  investment  in 
modern  plant  and  equipment,  and  the  application  of  new 
technology  in  manufacturing.  The  desired  net  result  of 
implementing  a  Tech  Mod  program  is  a  "sharing  in  the  savings" 
between  the  contractor  and  the  government  (2:21) .  The 
savings  from  the  reduced  acquisition  costs  are  to  be  shared 
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by  the  Government  end  contractor  so  as  to  at  least  maintain, 
or  possibly  increase,  the  contractor's  return  on  investment, 
thus  acting  as  an  incentive  to  modernize. 

It  has  been  postulated  that  Defense  contractors  may  be 
reluctant  to  modernize  their  facilities  on  their  own  accord. 
This  may  be  based  on  the  contracting  methods  used  by  DOD;  the 
indepth  analysis  of  each  element  of  cost  with  profits  being 
based  on  these  costs)  and  the  spreading  of  investment  cost 
over  individual  contracts  through  overhead  accounts  with  no 
concrete  assurance  that  follow-on  contracts  will  be  awarded. 
Modernization  of  facilities  implies  an  increased  return  on 
investment.  But,  with  the  contracting  methods  and  profit 
analysis  undertaken  by  DOD,  the  current  mix  of  return  on 
investment  and  return  on  sales  appears  to  present  an  adequate 
overall  profitability  balance  for  investors  as- wel  1  as  the 
contractor.  Any  cost  reduction  measures  taken  by  the 
contractor  would  result  in  lower  profit  dollars,  not  a  lower 
profit  rate,  and  a  lower  return  on  investment  for  any 
specific  contract. 

In  reviewing  the  annual  reports  of  eight  major  defense 
contractors,  the  return  on  investment  (measured  in  terms  of 
stockholder's  equity)  is  as  shown  in  Table  I.  The 
segregation  of  the  commercial  and  defense  returns  could  not 
be  determined  from  these  reports.  But,  in  comparison  with 
all  manufacturing  industries,  as  reported  in  the  Statistical 
Abstract  of  the  United  States  -  1282-33.  the  return  on 


stockholder's  equity  is  higher  for  those  contractors 


conducting  business  with  the  government.  This  higher  return 
My  bo  related  to  tho  lower  amounts  of  capital  oquipmont 
invostmonts  in  tho  defense  industry. 


TABLE  I 

Aft/or ago  Roturn  on  Stockholder's  Equity 
-for  Major  Aircraft  Dofonso  Contractors 


Contractor 

1983 

1982 

1981 

1988 

Boeing 

12. 1% 

18.7% 

19.8% 

28.8% 

Lockheed 

42.3 % 

79.2% 

148.8% 

9.3% 

General  Dynamics 

23. 6% 

14.3% 

14.2% 

22.2% 

LTV 

-i  6. ay. 

-12.9% 

38.9% 

28.2% 

McDonnell  Douglas 

14.  i  % 

12.4% 

11.2% 

18.8% 

Northrup 

18.8 % 

1.8% 

9.7% 

19.1% 

Rockwel  1 

17.4 % 

16.3% 

17.3% 

17.1% 

United  Technology 

16.97. 

28.4% 

21.2% 

22.7% 

Average  Return  on 

Stockholder's  Equity 

16.27 

17.7% 

-1.8%» 

18.7% 

Average  Return  for  A1 1 

U.S.  Manufacturing  Firms  NA 

NA 

13.6% 

13.9% 

1 Includes  a  negative  148% 

return 

for  Lockheed 

Corporation  in 

1981.  Without  Lockheed, 

the  return  was  18.87 

for  the 

seven 

remaining  companies. 

Source 

(Annual  Reports  and 

12 t 346) 

Boforo  investing  in  any  capital  oquipmont,  a  contractor 
determines  his  expected  return  on  investment  rate.  This  rate 
is  calculated  as  an  interest  rate  that  equates  the  investment 
cost  to  the  present  value  of  the  net  income  stream  over  the 


life  of  the  invtftmcnt.  This  return  is  a  major  aspect  involved 
in  the  negotiation  of  a  Tech  Mod  program.  It  determines  the 
amount  a  contractor  may  need  to  borrow  -from  investors  to  -finance 
capital  improvements. 

This  study  will  use  the  same  approach  in  determining  the 
Government's  return  on  investment  to  evaluate  the  merit  o-f 
selected  Tech  Mod  programs.  A  full -costing  approach  will  be 
used  to  determine  this  return.  The  expenditures  by  the 
Government  will  include  all  costs  identified  with  the  Tech  Mod 
program  including  the  management  costs,  versus  the  current 
method  in  which  management  costs  are  funded  through  accounts 
which  are  not  tied  to  any  specific  program.  The  cash  inflows 
will  include  the  projected  or  actual  savings  accruing  to  the 
Government  from  the  implementation  of  a  Tech  Mod  program.  The 
return  on  investment  rates  for  each  program  can  be  compared  to 
the  others  to  determine  which  programs  offer  a  better  return  to 
the  Government.  This  rate  may  also  be  used  to  ascertain  the 
impact  of  management  costs  on  the  Government's  return  on 
investment . 

The  particular  problem  to  be  investigated  is  *what  is  the 
cost  to  the  Air  Force  in  terms  of  manpower  in  implementing  Tech 
Mod  (30) ”.  Does  the  cost  to  the  government  of  Tech  Mod  justify 
the  benefits  or  savings  in  system  acquisition  cos*s?  The  method 
used  by  AFSC  to  determine  savings  does  not  take  into  account 
manhour  costs  of  Air  Force  personnel  who  manage  Tech  Mod.  It  is 
this  aspect  that  must  be  included  to  determine  the  "full -cost” 
of  Tech  Mod  programs  and  is  the  focus  of  this  study. 


Air  Pore*  Systems  Commend  is  currently  involved  in  49 
different  Tech  Mod  Programs,  34  of  which  are  being  conducted 
by  Aeronautical  Systems  Oivision  (ASD) .  Projected  government 
investment  in  these  programs  is  9734.3  million  of  which 
4470 . 2  million  is  to  be  spent  by  ASD  alone.  Projected 
savings  from  21  of  these  ASD  programs  amounts  to  42029.2 
million,  the  other  seven  program  savings  are  yet  to  be 
determined  (30) . 

This  study  will  first  identify  those  contractors  involved 
in  the  ASD  Technology  Modernization  programs  along  with  their 
progress  in  the  program.  This  identification  will  include 
the  actual  and  projected  costs  and  savings  associated  with 
each  program. 

The  first  objective  of  this  research  is  to  determine  the 
■Air  Force  Management  Cost*  of  each  program. 

Objective  two  is  to  determine  the  benefit/cost 
relationship  of  these  programs  taking  into  account  the 
manpower  expenditures  of  the  Air  Force. 

The  final  objective  is  to  determine  the  Government's 
return  on  investment  for  implementing  each  Tech  Mod  program 
under  study. 

Productivity  Defined 

Further  discussion  of  productivity  requires  an 


understanding  of  what  productivity  actually  is.  In  its 
simplest  form,  productivity  may  be  expressed  as  a  ratio  of 


the  units  of  input  required  to  create  a  given  output.  The 
input  factors  include  land,  labor  <both  direct  and  indirect) , 
capital  <in  the  form  of  equipment  and  facilities),  monies, 
and  management. 

The  Department  of  Defense  <00D>  regulations  define 
productivity  as  "the  efficiency  with  which  an  organization 
utilizes  its  resources  to  provide  final  outputs."  Air  Force 
regulations  provide  a  more  expanded  view  of  the  term.  Here 
productivity  refers  to  both  "efficiency"  (the  ratio  of  inputs 
to  outputs)  and  "effectiveness"  (to  what  extent  the  output 
satisfies  mission  objectives) .  According  to  the  Air  Force, 
it  involves  not  only  questions  of  quantity  and  cost,  but  also 
quality,  timeliness,  responsiveness,  and  readiness  (8:403). 

Improving  productivity  in  DOD  activities  has  become 

a 

increasingly  important  to  the  Dover nment  Accounting  Office 

and  others  because  of  (8:402) : 

an  expanding  defense  budget  that  has  brought  louder 
and  louder  calls  from  members  of  Congress  and  the 
public  for  assurances  that  the  additional  defense 
funds  be  spent  efficiently.  Public  announcements 
and  comments  by  DOD  officials  on  major  efficiency 
and  productivity  initiatives  they  claim  will  save 
billions  of  dollars;  and  rising  concern  over  the 
ability  of  the  defense  establishment  to  meet 
military  needs. 


In  general,  productivity  growth  is  closely  connected  with 


the  rate  of  capital  formation.  Capital  investment  forms  a 
necessary  part  of  increasing  labor  productivity  since  new 
plant  and  equipment  often  means  newer,  more  productive 


technology.  As  shown  in  Table  II,  the  United  States  appears 
to  have  a  low  rate  of  gross  investment  as  compared  to  the 
industrialized  countries  of  Germany  and  Japan.  (Of  course, 
United  States'  industry  was  not  devastated  as  were  the 
industries  of  Germany  and  Japan  at  the  close  of  World  Mar 
II.  In  having  to  rebuild,  Germany  and  Japan  could  be 
expected  to  increase  productivity  more  rapidly  than  the 
United  States  with  its  already  mature  plants  and  facilities. 
As  soon  as  Germany  and  Japan  reach  the  level  of  maturity  of 
the  United  States,  one  might  also  expect  their  productivity 
growth  rate  to  slow.) 


TABLE  II 


(as  a 

Gross  Fixed  Capital  Formation 
percentage  of  gross  domestic  product) 

I960 

1963 

1978 

1973 

1980 

Uni  ted  States 

17.9 

18.8 

17.6 

17.0 

18.2 

Japan 

29.3 

29.9 

33.3 

32.4 

32.0 

Germany 

24.3 

26.  1 

23.6 

20.7 

23.6 

Source 

? 10*27) 

Firms  may  obtain  funds  for  investment  purposes  from  a 


variety  of  sources.  These  include  retained  earnings; 
depreciation  expense  (the  recapture  of  previous  investment 
for  new  investment);  various  types  of  borrowing,  including 


m1«  of  bonds;  and  the  sal*  of  stock.  Retained  earnings  and 
depreciation  expense  are  sources  o-f  -funds  internal  to  the 

firm  and  the  other  sources  are  external  to  the  firm  (19:113) 


In  1982,  the  following  were  sources  of  capital  investment 
funds  for  private  non-f inane ial  firms  (27:29) : 

Individuals  and  Families  -  20% 

Insurance  Companies  -  14% 

Foreign  Investors  -  14% 

Corporations  -  12% 

Endowments  and  Foundations  -  4% 

Pension  Funds  -  34% 

Personal  Savings. 

According  to  Chase  Econometrics,  the  percentage  of 
personal  disposable  income  devoted  to  savings  in  1980  was  21 
percent  in  Japan,  19.9  percent  in  France,  19  percent  in  Great 
Britain,  13  percent  in  Nest  Germany,  just  over  10  percent  in 
Canada  and  9.4  percent  in  the  United  States  (34:72,39:421). 

A  cause  for  the  lower  investment  in  capital  in  the  U.S. 
may  be  that,  as  of  1979,  the  Commerce  Department's  estimate 
of  the  personal  saving  rate  showed  it  had  reached  its  lowest 
point  in  nearly  three  decades.  At  3.3  cents  for  each  dollar 
of  after-tax  income  in  the  fourth  quarter  of  1979,  the  saving 
rate  was  less  than  half  its  average  in  the  first  half  of  the 
1970s  and  well  below  the  average  of  six  cents  of  each  dollar 
of  income  since  Horld  Nar  II.  Historical ly,  the  individual 
and  family  sector  has  been  a  major  contributor  to  national 
savings  available  for  capital  formation  (42:11). 


In  1979,  the  tack  of  savings  on  the  consumer  side  was  not 
as  much  a  conctrn  for  business  as  it  might  have  boon. 
Invostmont  in  plant  and  oquipmont  as  a  sharo  of  QNP  was 
fairly  high  duo  to  tho  savings  outsido  tho  privato  domestic 
sector.  This  increased  money  for  investment  was  due  to  an 
over -a 1 1  governmental  surplus  (with  state  and  local  surpluses 
more  than  exceeding  the  federal  deficit)  and  funds  from  OPEC 
and  other  foreign  investors  accruing  from  their  investment  in 
private  and  (J.S.  Government  securities.  But  since  the 
federal  government  deficit  has  now  became  larger  and  in  view 
also  of  the  national  objective  of  limiting  oil  imports,  it 
may  be  more  difficult  for  the  business  sector  to  find 
financing  for  its  investment  programs  (42*14). 

Inflation  has  pushed  consumers  into  higher  tax  brackets 
so  that  the  average  citizen  faces  higher  marginal  tax  rates 
than  a  decade  ago.  These  higher  marginal  tax  rates  may  have 
decreased  the  incentive  to  save  and  therefore,  reduced  the 
resources  available  for  capital  formation.  The  Economic 
Recovery  Tax  Act  of  1981  is  intended  to  decrease  the  severity 
of  these  problems.  For  example,  starting  in  1985,  individual 
income  tax  brackets  will  be  indexed  to  remove  the  effects  of 
inflation  that  push  taxpayers  into  higher  tax  brackets.  This 
change  should  have  an  impact  both  on  incentives  to  save  and 
on  productivity.  The  tax  act  has  some  specific  incentive 
provisions  aimed  at  increasing  capital  formation  by  business* 
the  acceleration  of  their  cost  recovery  allowances,  the 
enhancement  of  the  investment  tax  credit  and  an  additional 


tax  credit  -for  certain  research  and  development  costs 
<  36  *  76)  . 


goi.t  gf  • 

The  cost  of  capital,  which  includes  interest  costs,  has 
been  blamed  -for  lower  investment  rates.  An  increase  in  the 
cost  o-f  capital  may  be  due  to  an  overall  lower  savings  rate. 
The  "law  of  supply  and  demand11  affects  the  monies  available 
for  investment;  the  lower  amounts  of  monies  available  forces 
the  interest  rates  charged  for  these  monies  to  be  higher. 
Therefore,  companies  find  it  more  cost  effective  to  use  labor 
versus  new  capital  equipment  in  the  production  of  goods. 

This  view  is  supported  by  the  findings  of  Dr.  George  N. 
Hatsopoulos,  the  chairman  and  chief  executive  officer  of 
Thermo  Electron  Corp.  and  a  founding  member  of  the  American 
Business  Conference,  Inc. 

Dr.  Hatsopoulos'  findings  were  that  from  1961  to  1973, 
the  cost  of  capital  in  the  United  States,  which  includes 
interest  and  related  expenses,  was  about  13  percent  a  year 
adjusted  for  inflation.  By  1983,  the  cost  of  capital  rose  to 
20  percent.  He  believes  the  cost  of  capital  has  increased  20 
percent  more  than  the  cost  of  labor  since  1973,  such  that, 

"as  capital  becomes  more  costly  relative  to  labor,  firms  tend 
to  forego  investments  needed  to  boost  labor  productivity 
<41: 86) 

Dr.  Hatsopoulos  suggests  that  a  way  to  lower  the  cost  of 
capital  in  the  United  States  is  to  change  tax  policy  by 
permitting  corporations  to  make  increased  use  of  tax-favored 


sources  o-f  financing.  Examples  are,  treat  dividends  on 


preferred  stock  as  tax-deductible  interest  payments  so  that 
corporations  could  issue  stock  in  lieu  of  bank  borrowing;  or 
permit  corporations  to  issue  debt  instruments  with  the  rate 
of  repayment  based  on  the  corporati on's  prof i tabi 1 i ty 
<41:8<S)  . 

Depreciation  Expense. 

The  United  States  also  appears  to  be  at  a  disadvantage  in 
the  area  of  depreciation  expense  as  a  source  of  funds  for 
capital  investment.  Governments  in  countries  such  as  Canada, 
Japan,  Great  Britian,  etc.,  allow  up  to  180  percent 
depreciation  of  new  capital  within  the  first  two  years. 

This,  along  with  the  price  of  capital  may  help  to  explain  the 
high  capital  formation  figures  for  Japan  in  Table  II  <48i31>  . 

Thtgriii.pn  Productivity  Ecafalm 

As  the  following  section  will  show,  there  are  many 
theories  as  to  the  perceived  productivity  problem  in  the 
United  States  as  well  as  many  proposed  solutions.  A 
discussion  of  those  that  reflect  the  range  of  thought  in 
productivity  theory  follows. 

Even  though  United  States  productivity  levels  are  still 
higher  than  those  of  other  major  industrial  countries,  the 
gap  may  be  closing  due  to  a  decrease  in  United  States 
productivity  growth  rates.  In  1782-83,  the  Congressional 
Budget  Office  estimated  that  productivity  in  the  United 
States  was  approximately  ten  percent  ahead  of  productivity  in 


most  European  countries  and  even  -further  ahead  o-f  the 
Japanese.  The  overall  level  o-f  Japanese  productivity  in  1983 
was  about  seventy  percent  of  that  in  the  United  States. 

Three  decades  ago.  United  States  productivity  led  that  of  its 
nearest  European  competitor  by  forty  to  fifty  percent.  But, 
that  gap  may  be  narrowing  (36:6?) . 

Japan  has  closed  the  productivity  gap  in  Key 
areas  but  the  United  States  has  the  capability  to 
regain  its  preeminence.  Rates  of  productivity 
increases  vary  greatly  in  our  economy  and,  in  areas 
such  as  communications  and  agriculture,  we  continue 
to  lead  the  world  C 39: 4213. 

Benjamin  B.  Tregoe,  Chairman  of  Kepner-Tregoe,  Inc., 
specialists  in  organizational  development  and  research,  lists 
five  causal  factors  for  the  decline  in  productivity.  His 
first  two  factors  deal  with  the  relationship  between 
management  and  the  labor  force  as  well  as  the  cultural 
differences  between  U.S.  and  foreign  firms.  His  third  factor 
relates  to  the  emergence  of  an  immediate  return  on  investment 
(ROD  as  the  main  criterion  of  management.  He  believes  that 
over  the  last  30  years,  maximization  of  profit  in  the  short 
term,  with  little  thought  to  sustainability  in  the  long  run, 
has  became  the  index  by  which  organizations  are  judged 
(43:25) . 

His  fourth  factor  was  the  advent  of  the  business 
computer.  Overnight,  it  was  possible  to  obtain  more  numbers 
than  had  ever  been  available  before.  Managers  spent  more 
time  with  numerical  reports  than  they  did  with  the  substance 
of  the  situation  they  were  managing.  The  fifth  factor  is  the 


unpreceden ted  good  times  that  followed  World  War  II.  In  the 
prosperity  that  -followed  the  war,  management  practices  that 
might  otherwise  have  been  questionable  were  adopted  (43:24) s 

Responsibility  for  this  (reduction  in 
productivity)  belongs  not  just  to  a  set  of  external 
conditions  but  also  to  attitudes,  preoccupations, 
and  practices  of  American  managers.  By  their 
preference  for  servicing  existing  markets  rather 
than  creating  new  ones  and  by  their  devotion  to 
short-term  returns  and  'management  by  the  numbers', 
many  of  them  have  effectively  forsworn  long-term 
technological  superiority  as  a  competitive  weapon. 

Capital  Labor  Ratio 

While  Mr.  Tregoe  contends  that  the  decline  in 
productivity  growth  is  related  to  management  practices,  Mr. 
Roger  B.  Porter,  a  writer  in  the  area  of  productivity, 
relates  the  decline  to  a  lower  capital  to  labor  ratio.  He 
states  that  from  1948  to  1948  the  average  annual  rate  of 
productivity  growth  in  the  United  States  was  slightly  over 
three  percent.  His  studies  indicate  that  this  rate  averaged 
slightly  over  two  percent  during  the  next  five  years  and, 
since  1973,  it  has  fallen  to  an  average  annual  rate  of 
increase  of  six-tenths  of  one  percent.  But,  other  industrial 
countries  have  also  experienced  declining  productivity  growth 
rates  since  1973  <34:49).  Mr.  Porter  feels  that  <34:70): 

There  is  a  general  consensus  among  analysts 
that  the  single  most  important  determinant  of 
productivity  per  man  hour  is  the  quantity  of 
capital  per  worker.  Other  things  being  equal,  when 
the  amount  of  capital  grows  more  rapidly  than  the 
amount  of  labor,  productivity  increases. 


According  to  Mr.  Porter,  during  the  last  thirty  years  the 
ratio  of  the  net  stock  of  capital  to  labor,  excluding  capital 


applied  to  environmental  and  pollution  control,  grew  at  an 
average  rate  of  almost  three  percent  during  the  1948-68 
period.  This  ratio  declined  during  the  next  -five-year  period 
to  1.8  percent  and  since  1973  has  declined  even  -further  to 
0.7  o-f  one  percent.  'Thus,  an  important  cause  in  the 
slowdown  in  the  rate  o-f  increase  in  productivity  per  man  hour 
in  the  United  States  has  been  a  dramatic  decline  in  the  rate 
o-f  growth  o-f  capital  per  worker  (36:69-70)." 

While  the  capital  to  labor  ratio  is  important,  it  is  not 
the  only  determinant  of  productivity  growth.  Several 
features  finding  themselves  on  Mr.  Porter's  list  include: 

1.  Lower  investment  in  research  and  development; 

2.  Shifts  in  capital  and  labor  from  one  sector  of  the 
economy  to  another  (service  sectors) ; 

3.  Increased  natural  resources  costs,  especially  those 
related  to  energy; 

4.  The  increased  role  of  government,  especially  in  the 
form  of  regulations  such  as  those  imposed  by  the 
Environmental  Protection  Agency  and  the  Occupational  Safety 
and  Health  Administration  <36:71,  39:420). 


Mr.  Edward  F.  Denison's  study  of  the  causes  for  the 
decline  in  productivity  growth,  which  follows,  is  lengthy; 
but  covers  a  number  of  factors  to  explain  the  decline  and  is 
worthy  of  detailed  discussion.  Mr.  Denison,  who  in  1979  was 
an  Associate  Director  of  the  Bureau  of  Economic  Analysis 
stated  (11:1),  "Growth  of  American  productivity  was  rapid  by 


historic*!  standards  during  most  of  the  postwar  period.  But 
in  the  last  half  of  the  1960's  the  rate  began  to  slacken.* 

He  believes  that  prior  to  1974,  this  slackening  was  partly 
due  to  short-term  fluctuations  in  determinants  of  output  that 
display  irregular  movements.  A  main  determinant  was  a  drop 
in  the  intensity  of  use  of  employed  labor  and  capital  from  a 
peak  reached  in  1965-66.  The  transfer  of  surplus  workers 
from  farming  to  nonfarm  jobs,  in  which  they  produced  output 
of  greater  value,  decreased  as  the  supply  of  such  labor 
decreased.  Costs  of  regulations,  that  the  Bovernment  felt 
had  benefits  greater  than  their  costs,  began  to  encroach  upon 
productivity.  According  to  Mr.  Dennison,  this  characteristic 
of  the  productivity  slowdown  is  not  applicable  to  more  recent 
years.  The  influenc—  responsible  for  the  productivity 

a 

slowdown  prior  to  1974  were  no  longer  sufficient  to  explain 
the  shortfall  from  the  earlier  trend.  The  major  productivity 
measurements  -  output  per  person  employed,  output  per  hour, 
and  output  per  unit  of  input  -  showed  much  the  same  pattern 
of  decreased  growth  <  1 1 :  1>  . 

Mr.  Denison  shows  that  the  growth  rate  of  output  per 
person  employed,  in  which  productivity  is  measured,  has 
declined  from  1973  to  1979.  He  defines  employment  as  the 
number  of  persons  employed,  full-time  or  part-time,  during  an 
average  week. 

In  nonresidential  business,  national  income  per  person 
employed  <NIPPE)  increased  by  an  average  of  2.4  percent  a 
year  from  1948  to  1973  -  for  a  total  increase  of  82  percent. 


TABLE  III 


National  Income  Per  Person  Employed  in 
Non-residential  Business:  Growth  Rate  and 
Sources  of  Growth,  1948-73  and  1973-74 


1948-73 

1973-76 

Change 

Growth  Rate 

2.78 

-0.38 

-3. 16 

Contributions  to  growth  rate 
in  percentage  points 

Total  factor  input: 

Changes  in  workers"  hours  and 
attributes: 

Hours 

-.24 

-.54 

-.30 

Education 

.52 

.88 

.36 

Changes  in  capital  and  land 
per  person  employed: 

Inventories 

.  10 

.02 

-.08 

Nonresidential  structures 
and  equipment 

.29 

.25 

-.04. 

Land 

-.04 

-.03 

.01 

Output  per  unit  of  input: i 

Improved  allocation  of 
resources* 

.37 

-.01 

-.38 

Changes  in  the  legal  and 
human  environment* 

-.04 

-.44 

-.40 

Economies  of  scale 

.41 

.24 

-.  17 

A<*/ances  in  knowledge  and 
miscellaneous  determinants4 

1.41 

-.75 

-2.  16 

*Con tri but ions  to  the  growth  rate  shown  in  subsequent  lines 
are  restricted  to  effects  upon  output  per  unit  of  input. 

^Includes  only  gains  resulting  from  the  reallocation  of 
labor  out  of  farming  and  out  of  self-employment  and  unpaid 
family  labor  in  small  nonfarm  enterprises. 

^Includes  only  the  effects  on  output  per  unit  of  input  of 
costs  incurred  to  protect  the  physical  environment  and  the 
safety  and  health  of  workers,  and  of  costs  of  dishonesty  and 
crime. 

40btained  as  a  residual . 

Source  (11:3) 
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It  then  dropped  by  *  total  o-f  5.6  percent  -from  1973  to  1975. 
From  1973-76  the  growth  rate  was  -0.5  percent  a  year.  The 
analysis  o-f  growth  sources  upon  which  Hr.  Denison  drew  was 
carried  only  to  1976.  But  he  believes  that  slow  productivity 
growth  has  characterized  the  entire  period  a-fter  1973, 
continuing  through,  at  least,  1979.  In  1977  and  1978  NIPPE 
increased  to  its  1973  level,  therefore,  over  the  period  from 
1973  to  1978  its  growth  rate  was  zero.  NIPPE  in  the  first 
half  of  1979  was  below  the  1973  and  1978  rate.  From  1948  to 
1973  the  growth  rate  of  NIPPE  was  2.43  percent  a  year.  The 
first  column  of  Table  III  summarizes  Hr.  Denison's  estimates 
of  the  sources  of  its  growth  in  that  period  (11:1-2). 

Per  Hr.  Denison's  table,  changes  in  average  hours  at  work 
subtracted  an  estimated  0.24  percentage  points  from- the 
growth  rate  in  1948-73.  This  is  an  estimate  of  the  net 
effect  of  changes  in  average  working  hours  upon  the  growth 
rate  of  output.  It  allows  for  the  fact  that  labor  is  only 
one  type  of  factor  input,  but  it  is  the  largest  type.  It 
also  takes  into  account  the  probability  that  shorter  hours 
for  full-time  workers  have  increased  the  work  done  in  an  hour 
by  lessening  fatigue  and  absenteeism,  so  that  the  percentage 
decline  in  labor  input  is  less  than  that  in  hours  (11:2). 

Persons  with  different  amounts  of  education  are  regarded 
as  providing  different  amounts  of  labor  input.  Their  work  is 
weighted  according  to  the  average  earning  differential 
between  persons  who  differ  only  with  respect  to  amount  of 
education.  For  example,  a  full-time  worker  with  4  years  of 


coll *9*  is  counted  as  1.84  times  as  much  labor  as  one  with  8 
years  of  elementary  education.  "The  contribution  of 
education  measures  the  amount  by  which  output  per  worker  has 
been  raised  by  the  upswing  in  the  educational  background  of 
employed  persons 

The  contributions  of  capital  and  land  do  not  reflect 
changes  in  their  use.  Instead*  a  single  estimate  is  made  of 
the  effect  upon  output  per  unit  of  input  of  changes  in  the 
ways  with  which  capital*  land,  and  labor  <as  measured  by 
hours  at  work)  are  utilized.  Inventories  and  fixed  capital 
both  increased  more  than  employment  from  1948-73  as  well  as 
nonresidential  structures  and  equipment.  As  employment 
increased,  the  land  available  per  worker  declined.  Improved 
allocation  of  resources  contributed  an  estimated  8.37 
percentage  points  to  the  growth  rate  <lli3>. 

The  legal  and  human  environment  in  which  business  must 
operate  has  changed  in  several  ways  that  may  affect  output 
per  unit  of  input.  Mr.  Denison  has  estimated  the  effect  of 
three  of  these  changes.  Governmental  controls  required 
business  to  divert  from  ordinary  production  to  pollution 
control  an  increased  share  of  the  labor  and  capital  that  it 
employs,  so  that  these  resources  are  no  longer  available  to 
produce  measured  output.  OSHA  has  similarly  diverted  labor 
and  capital  to  the  protection  of  worker  safety  and  health. 
Rising  crime  has  forced  business  to  divert  resources  to  crime 
prevention,  which  has  directly  reduced  measured  output. 
According  to  Mr.  Denison,  these  changes  began  towards  the  end 


of  the  1948-73  period.  They  arc  estimated  to  have  subtracted 
only  0.04  percentage  points  -from  the  growth  rate  over  that 
entire  per i od  < 1 1  * 3) . 

Gains  -from  economies  of  scale  re-fer  to  the  rise  in  output 
per  unit  of  input  that  is  made  by  changes  in  the  size  of  the 
markets  that  business  serves.  Economies  of  scale  are 
estimated  to  have  contributed  0.41  percentage  points  to  the 
1948-73  growth  rate  <11:3). 

The  contribution  of  advances  in  knowledge  is  a  gage  of 
the  gains  in  measured  output  that  result  from  the  use  of  new 
knowledge  applied  to  production  -  managerial  and 
organizational  as  well  as  technological.  The  introduction  of 
new  final  products  provides  the  user  with  a  greater  range  of 
choice  or  enables  him  to  better  meet  his  needs  with  the  same 

use  of  resources,  but  it  does  not  necessarily  contribute  to 

% 

growth  as  measured)  it  results  in  "noneconomic*  or 
"unmeasured"  quality  change.  In  general,  only  the  advances 
in  knowledge  that  reduce  the  unit  costs  of  final  products, 
already  in  existence,  contribute  to  measured  growth  <11:4). 

Mr.  Denison  concludes  that  <11:4)  "important 
contributions  to  the  growth  of  NIPPE  in  1948-73  were  made  by 
advances  in  knowledge,  increased  education  of  employed 
persons,  increased  capital  per  worker,  improved  resource 
allocation,  and  economies  of  scale." 


Dynamics  Group* ,  agree  with  Mr.  Porter  in  that  the  tower 
investment  in  research  and  development  has  led  to  a  decline 
in  productivity  growth.  In  1982,  they  developed  a  theory 
that  the  driving  -force  in  the  growth  o-f  an  industrial  society 
is  technological  change.  They  contend  that  innovations  occur 
in  groups  and  the  economic  growth  that  they  start  follows  a 
long,  cyclical  path  of  48  to  68  years.  In  their  view,  the 
industrialized  countries  are  just  entering  the  downside  of 
that  cycle  <  1:124)  . 

These  economists  believe  that  the  technologies  of  the 
traditional  industries  -  autos,  airplanes,  steel,  chemicals, 
and  machinery  -  which  produced  the  great  boom  of  the  1998s 
and  1968s  are  now  on  the  decline  and  that  the  new 
technologies  that  will  generate  the  next  boom  are  just 
beginning.  These  technologies  -  solar  energy,  biogenetics, 
the  computer  and  electronics  -  have  not  shown  their  full 
impact  on  overall  employment  and  economic  growth  (1:126). 

To  this  group,  the  fact  that  new  technologies  have  not 
yet  created  large  new  industries  supports  their  conclusion 
that  the  U.S.  has  entered  the  downswing  of  a  long 
technological  wave.  This  downswing  will  end,  they  say,  only 
when  the  U.S.  reduces  its  dependence  on  today's  smokestack 
industries  and  makes  a  major  leap  to  the  new  ones  (1:126). 

The  System  Dynamics  Group  believes  that  long  waves  of 
economic  growth  are  like  a  law  of  nature  and  cannot  be 
changed  by  government  intervention.  Therefore,  the 
government  should  leave  the  market  alone,  except  for  such 


steps  as  cutting  the  capital  gains  tax  to  encourage  now 
capital  and  using  tax  incentives  to  encourage  labor  to  leave 
old  industries  and  retrain  for  new  ones  < i : 126) . 

The  idea  that  an  industrial  economy  goes  through  long 
waves  of  growth  and  decline  was  first  advanced  by  the  Russian 
economist  Nikolai  0.  Kondratieff.  He  saw  46  to  40  year  waves 
going  as  far  back  as  1790.  Mhen  he  proposed  his  long-wave 
theory  in  1922,  he  said  that  the  latest  peak  occurred  around 
1920.  So,  according  to  the  Kondratieff  idea,  economic 
activity  should  have  peaked  again  around  1970.  Kondratieff, 
however,  offered  no  theory  to  support  his  findings  (1:124). 

The  System  Dynamics  Group  believed  that  it  could  explain 
Kondratieff 's  waves.  Their  basic  proposal  is  that  industrial 
economies  tend  to  overinvest  in  existing  technologies, 
especially  in  capital  goods  industries,  and  that  excessive 
investment  leads  to  their  decline  when  demand  fades.  They 
claimed  that  the  latest  wave  of  over -investment  began  in  the 
1940s.  As  evidence,  they  point  to  worldwide  overcapacity  in 
steel,  autos,  diesel  engines,  chemicals,  shipbuilding, 
machine  tools,  and  even  semiconductors  <1:124-127). 

The  nation  has  spent  the  past  23  years  building  up  a  huge 
investment  in  industries  -  steel,  machine  tools,  cement, 
glass  -  needed  to  produce  cars  and  the  many  other  products 
they  helped  create.  The  group  believes  as  the  auto 
industry's  economic  influence  diminishes,  much  of  this 
investment  will  be  unusable.  The  decline  in  capacity 
utilization  is  shown  in  Table  IV.  Capacity  utilization 


reached  its  peak  in  the  late  I960*.  Today,  it  is  about  43* 
in  steel  and  63*  in  nonelectrical  machinery  (1:127>. 


TABLE  IV 

Factory  Capacity  Utilization  and  Investment 
in  Plant  and  Equipment 

Capacity  Utilization 


65 

'67 

'69 

'71 

'73 

'75 

'77 

'79 

'81 

89* 

87* 

86* 

78* 

87* 

73* 

82* 

86* 

78* 

Investment  in  Plant  and  Equipment 
(Average  Annua)  Rate  o f  Growth) 

1950-39  1960-69  1970-79  1980-82 

♦4.0*  ♦5.2*  +4.0*  -1.0* 


Source  (1x126) 


The  System  Dynamics  Group  says  that  the  productivity  o-f 
capital  peaked  by  the  mid-1960s  and  subsequent  increases  in 
output  -from  additional  capital  investment  have  experienced 
diminishing  returns.  Jay  W.  Forrester,  professor  of 
management  at  MIT's  Sloan  School  of  Management  and  director 
of  the  group  stated  (1:127),  “By  the  time  the  late  stages  of 
expansion  have  been  reached,  the  folklore  has  taken  firm  root 
that  more  capital  plant  is  exp.-ted  to  increase  productivity. 
In  fact,  however,  capital  plant  has  reached  the  point  of 
diminishing  returns.* 


As  the  group  sees  it,  the  recent  decline  in  capital 
investment  is  not  a  sign  of  a  need  -for  more  capital.  More 
capital  investment  is  not  going  to  bring  large  payo-f-fs  if 
this  capital  is  invested  in  the  wrong  industries. 

The  MIT  group  has  some  critics.  Harvard  University's 
Dale  M.  Jorgenson  contends  that  if  there  were  excessive 
investment,  it  should  show  up  in  declining  returns  on 
investment.  Dr.  Jorgenson  and  Barbara  M.  Fraumeni,  an 
economist  at  Tufts  University,  attempted  to  calculate  the 
actual  returns  on  U.S.  investment  in  the  postwar  period. 
Their  figures  show  that,  overall,  the  financial  return  which 
increased  investment  has  produced  has  generally  been  stable; 
therefore,  growth  has  continued  to  increase.  There  was  a 
higher  return  in  the  late  1960s,  but  Dr.  Jorgenson  explains 
this  as  the  result  of  the  Kennedy-Johnson  tax  cuts.  Nobel 
Laureate  Massily  Leontief  stated  <1:130>,  "It  is  most 
implausible  that  over  200  years  a  periodicity  exists.  The 
whole  structure  of  the  economy  changes."  Another  problem 
with  Kondratieff  cycles  is  the  vagueness  of  their  dating. 
Even  those  who  believe  in  the  long  wave  theory  differ  in  how 
they  measure  it  < 1 t 138) . 

Mr.  John  H.  Kendrick  believes  that  three  new  constraints 
have  developed  in  the  recent  past  which  have  affected 
production  methods  in  manufacturing  and  thus,  productivity 
growth:  < 1>  increases  in  energy  prices  and  interruptions  in 

supplies  of  specific  fuels;  (2)  fixed  time  schedules  of 
requirements  for  water,  air,  and  land  pollution  control;  and 


<3>  fixed  tint*  schedule*  of  requirements  under  the 


Occupations!  Safety  and  Health  Act  (OSHA).  •While, 
constraints  such  as  these  are  not  entirely  new,  their 
strength,  severity,  and  nearly  simultaneous  occurrence  make 
the  outcome  on  production  patterns,  and  thus  on  productivity 
change,  highly  uncertain  (29:443). • 

One  way  in  which  productivity  change  can  be  affected  is 
by  a  diversion  of  real  investment  from  productivity-enhancing 
capital  additions  and  replacements  to  uses  that  are  neutral 
or  even  negative  in  their  productivity  effects.  Examples  are 
•add-on*  investments  to  reduce  heat  loss,  convert  to  other 
fuels,  reduce  discharge  of  pollutants,  and  reduce  safety  and 
health  hazards  to  workers.  But  since  the  adjustment  to  these 
types  of  constraints  may  mean  the  adoption  of  now  production 

s 

technology,  the  result  may  be  more  rapid  capital  turnover 
with  the  possible  net  effect  of  accelerated  productivity 
growth  (293443) . 

In  Mr.  Kendrick's  visw,  a  sudden  and  unexpected  change  in 
the  relative  price  of  energy  may  accelerate  the  obsolescence 
of  existing  plants,  and  their  replacsment  with  nsw  plants 


might  incr 


product ivi ty .  The  requirements  of  pollution 


abatement  and  OSHA  may  also  accelerate  obsolescence  for  a 
similar  reason.  The  new  weighted  price  of  outputs  should  be 
taken  into  account  (29:302) . 


Another  theory  to  incr 


productivity  was  proposed  by 


George  R.  Heaton  of  M.I.T.  and  J.  Herbert  Holloman  of  Boston 
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University.  They  believe  there  needs  to  be  an  increased 
diffusion  of  technology  in  the  United  States  and  Government 
policies  have  al lowed  R  fc  0  expenditures  to  over shadow 
diffusion-oriented  programs.  These  gentlemen  use  U.S. 
Department  of  Labor  statistics  to  show  that  during  the  1 968s, 
the  "best"  firms  in  various  industries  were  about  2.4  times 
more  productive  than  the  "worst"  firms  and  that  recent  data 
indicates  the  gap  has  widened  (productivity  being  measured  by 
the  value  added  to  products  per  employee).  They  feel  that 
"while  not  a  route  to  dramatic  breakthroughs,  technical 
diffusion  is  an  important,  relatively  low-cost  way  for  the 
U.S.  to  improve  productivity  (26:12)." 

Heaton  and  Holloman  believe  the  Government  can  play  a 
role  in  technological  diffusion.  For  example,  Federal 
environmental  standards  are  often  based  on  the 
pollution-control  procedures  of  "leading  firms"  which  are 
spread  through  the  industry  by  regulation.  Even  though  the 
government  can  help,  they  feel  diffusion  of  technology  is 
essentially  up  to  private  enterprise.  Their  suggestion  is  to 
form  groups  comprised  of  personnel  from  different  companies 
to  discuss  and  share  now  technological  processes  (26:13-14). 
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A  reduced  productivity  growth  rate  implies  that  the  cost 
per  unit  of  production  may  increase.  In  November  of  197?, 
the  General  Accounting  Office  (GAO)  presented  a  report  to 
Congress  on  what  they  believed  were  the  major  effects  on 
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costs  o-f  procuring  Defense  weapon  systems.  After  several 
yssrs  o-f  study ,  ths  GAO  concludsd  that  ths  major  s-f-fscts  on 
costs,  which  ars  interrelated  to  ths  thsoriss  on  ths  slowsd 
productivity  growth  rats,  havs  rssultsd  from* 

Attempts  to  deploy  systems  with  new  technology  and  high 
performance; 

Low  rates  of  production  due  to  budget  constraints; 

Absence  of  price  competition  between  contractors; 

Lack  of  motivation  on  the  part  of  contractors  to  reduce 
costs; 

Impact  of  socioeconomic  programs,  Government  controls, 
and  paperwork ;  and 

A  nationwide  problem  of  reduced  research  and  development 
expenditures  <29ii>. 

Of  the  above  list,  the  GAO  feels  the  principal  factors 
that  tend  to  drive  costs  higher  are  the  desire  for 
high-technol ogy  systems  and  the  budget  constraints  that  lead 
to  uneconomical  procurement  and  production  practices  <20:ii) 

GAO  reported  that  some  of  the  unidentified  contractors 
they  studied  did  not  believe  that  an  increase  in  profits, 
based  on  facilities  employed,  would  provide  the  motivation 
necessary  for  contractors  to  make  capital  investments.  The 
contractors  felt  that  program  stability  (some  guarantee  that 
investments  could  be  recovered)  was  more  important  than  a 
slight  increase  in  profits  < 20 : i i i > . 

The  military  places  its  emphasis  on  the  procurement  of 


technically  superior  weapons  to  ensure  that  they  will 


outperform  the  enemy's  weapons  in  combat.  DOD  hopes  that 
superior  performance  will  counter  the  numerical  advantage  of 
the  Soviets.  Along  with  this  is  DOD's  desire  to  bring 
improved  weapons  to  operational  status  as  quickly  as  possible 
to  meet  known  or  suspected  enemy  weapon's  growth  and 
advances. 

Weapon  operational  performance  and  delivery  performance 
seem  to  be  paramount  to  D00  program  managers  and  directors. 

If  these  DOD  priorities  are  made  clear  to  a  contractor,  and 
GAO  believes  they  are,  then  the  contractor  may  have  reason  to 
rank  productivity  improvement  and  cost  reduction  as  sub¬ 
ordinate  objectives  <20:7-8) . 

The  high-technology  policy  is  a  major  factor  to  cost. 

The  perceived  need  for  greater  capabi 1 i ty  based  upon  the 
perceived  threat,  means  complex  electronics,  avionics,  fire 
control  systems,  etc.,  are  needed  to  defend  against  that 
threat;  and  this,  in  turn,  keeps  driving  up  the  cost  of 
acquiring  weapon  systems  <20:8). 

Commercial  production  volume  can  be  set  at  optimum  rates 
by  company  management  based  on  production  efficiency  and 
market  analysis.  However,  production  rates  of  military 
weapons  are  indirectly  dictated  by  constraints  set  by 
Congress,  Office  of  Management  and  Budget,  or  the  Office  of 
the  Secretary  of  Defense.  Major  weapon  systems  are  subject 
to  annual  review  by  Congress  and  may  be  revised  several 
times.  Also,  Congress  or  DOD  may  dictate  that  production  of 
an  item  be  stretched  out  at  a  low  rate  to  ensure  that  a  surge 


capability  is  available  in  the  event  or  threat  of  war 
(20:11)  . 

The  production  of  new  weapon  systems  may  also  be 
established  at  an  uneconomical  rate,  because  the  item  is 
undergoing  concurrent  development  and  production,  which  means 
that  a  limited  production  rate  must  be  maintained  until  the 
item  has  been  fully  tested  and  proven  effective.  The  weapon 
system  may  also  be  produced  at  a  limited  rate  because  there 
are  not  sufficient  funds  available  in  the  DOD  budget  to 
produce  a  greater  number  in  a  given  year.  GAO  believes  that 
whatever  the  reason  for  producing  below  the  optimum  rate,  the 
effect  is  a  loss  of  productivity  and  an  increase  in  the  cost 
of  the  system  (20:11). 

* 

Another  factor  GAO  believes  is  affecting  the  cost  of 
Government  procurement  is  the  information  needs  of  the 
Government  to  plan  and  manage  Federal  programs.  The 
Commission  on  Federal  Paperwork  found  that  all  American 
business  spends  <29  billion  to  <32  billion  each  year  on 
Federal  paperwork;  the  10,000  largest  firms  spend  an  average 
of  over  <1,000,000  each  on  Federal  paperwork;  and  five 
million  small  businesses  spend  an  average  of  over  <3,000 
each.  These  amounts  are  added  to  the  contract  costs  that  the 
Government  must  pay  to  obtain  weapon  systems  (20:20-21). 


The  defense  industry  encompasses  an  extensive  network  of 
prime  contractors,  subcontractors,  suppliers,  and  vendors 
interwoven  into  a  complex  market  structure  (23:13). 

Companies  within  the  de-fense  industrial  complex  constantly 
face  financial,  technological,  marketing  and  political 
barriers  which  hinder  free  entry  and/or  exit  from  the  defense 
market  place  and  sometimes  drive  smaller  firms  out  of 
business  (19:46). 

Productivity  problems  and  solutions  in  the  different 
segments  of  industry  vary.  However,  a  significant  portion  of 
manufacturing  done  on  defense  programs  occurs  in  a  labor 
intensive,  versus  capital  intensive,  environment  (37:135). 

Overall,  manufacturing  represents  the'  largest  single 
segment  of  the  nation's  GNP  -  almost  30  percent.  D00  is  the 
largest  buyer  of  goods  and  services  in  the  nation;  thus,  DOD 
through  its  manufacturing  technology  program  not  only 
attempts  to  improve  productivity  and  reduce  the  cost  of  its 
weapon  systems,  but  also  tries  to  make  a  major  impact  on  the 
productivity  of  a  large  segment  of  the  total  U.S.  economy 
(32:70) . 

In  Defense,  two  problems  have  been  cited  most  frequently 
as  inhibiting  modernization  and  progress  in  the  productivity 
area.  These  are  program  uncertainties  and  a  profit  policy 
which  is  based  on  cost.  In  the  first  instance  risks  are 


introduced  which  hinder  the  recapture  of  investment  and 
inhibit  long-term  planning.  In  the  case  of  our  cost-based 
profit  policy,  a  contractor  may  actually  see  his  overall 
profit  picture  reduced  as  a  result  of  efforts  to  improve 
productivity  which  lead  to  reduced  costs  <37:135>.  The 
percentage  of  profit  obtained  on  a  contract  may  remain  intact 
but,  the  actual  profit  dollars  are  lowered  before  an  adequate 
return  on  the  investment  can  be  realized. 

Relationship  of  Profit  to  Productivity 

All  government  contracts  require  some  kind  of  analysis  of 

pricing,  whether  the  method  employed  be  a  price  analysis  or  a 

cost  analysis,  to  assure  that  the  government  pays  a  fair  and 

reasonable  price  for  timely  delivery  of  the  desired  quantity 

of  required  supplies  and  services.  A  price  analysis  involves 

% 

looking  at  the  total  price  <cost  plus  profit)  of  an  item 
without  the  analysis  of  individual  elements  of  cost.  This 
type  of  analysis  is  employed  on  the  majority  of  firm  fixed 
price  contracts  where  there  is  adequate  competition;  catalog, 
market  or  regulated  prices;  prior  quotations;  rough  yardstick 
and/or  parametric  relationships  have  been  developed;  and, 
independent  estimates  exists.  These  prices  are  compared  to 
prices  submitted  by  the  contractor  to  determine  the  fairness 
and  reasonableness  of  the  contractor ' s  quote. 

A  cost  analysis  involves  looking  at  the  individual 
elements  of  cost;  labor,  material,  indirect  costs  and  profit 
to  determine  whether  the  elements  of  cost  are  necessary  and 
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then  whether  they  arc  -fair  and  reasonable.  The  analysis  is 
conducted  on  the  cost  and  pricing  data  submitted  by  the 
contractor.  These  data  include  (a>  vendor  quotations;  (b> 
nonrecurring  costs;  (c>  information  on  changes  in  production 
methods  or  purchasing  volume;  <d)  data  supporting  projections 
of  business  prospects  and  objectives  and  related  operations 
costs;  <e)  unit-cost  trends  such  as  those  associated  with 
labor  efficiency;  <f)  make-or-buy  decisions;  <g)  estimated 
resources  to  attain  business  goals;  and  <h>  information  on 
management  decisions  that  could  have  a  bearing  on  costs 
<46:sec  15.891).  Submission  of  cost  and  pricing  data  is  made 
in  accordance  with  the  provisions  of  the  Defense  Acquisition 
Regulation  <DAR>  and  the  new  Federal  Acquisition  Regulation 
<FAR>  <46:  sec.  15.804-2). 

Although  the  government  considers  profit  to  be  an  element 
of  cost,  it  is  not  subject  to  the  same  scrutiny  placed  on  the 
other  elements  of  cost  in  the  contract.  After  the  analysis 
of  the  cost  and  pricing  data,  the  contracting  officer  'shall 
use  the  Government  prenegotiation  cost  objective  amounts  as 
the  basis  for  calculating  the  profit  or  fee  prenegotiation 
objective*  using  a  'structured  approach  except  as 
specifically  exempted  under  the  agency's  procedures  <46:sec 
15.903).*  One  such  structured  approach  is  the  Weighted 
Guidelines  Method  for  computing  the  profit  rate. 

On  13  May  1975,  the  Deputy  Secretary  of  Defense  initial., 
a  major  DOD  study  of  profit  and  its  relationship  to  capital 
investment  and  increased  productivi ty.  This  study,  known  as 


Prof  it  '76.  focused  on  the  difference  between  profit 
statistics  of  defense  contractors  and  durable  goods  producers 
between  the  years  of  1970  and  1974.  The  findings  of  this 
study  identified  a  strong  correlation  between  the  then 
existing  DOD  profit  policy  and  low  levels  of  capital 
investment  within  the  defense  industry.  During  this  time, 
durable  goods  producers  realized  a  profit  before  taxes,  based 
on  sales,  of  6.7  percent;  whereas,  defense  contractors  were 
realizing  a  4.7  percent  average  (At6) .  [While  Prof  it  '76 
focused  on  the  difference  in  profits  between  durable  goods 
producers  and  defense  contractors,  the  study  used  return  on 
sales  as  its  basis  versus  return  on  investment.  However, 
return  on  investment  is  the  true  gage  of  profit  earned  from 
the  use  of  capital  and  is  typically  the  index  used  by 
investors  as  a  basis  for  investment.  Anticipated  return  on 
investment  is  used  by  firms  in  deciding  whether  to  make 
further  investment.  Since  the  majority  of  defense 
contractors  are  publicly  owned,  return  on  investment  is  a 
more  suitable  method  to  determine  the  prof i tabi 1 i ty  and 
investment  risk  associated  with  a  durable  goods  producer.] 

As  a  result  of  Profit  '76.  DOD  undertook  several  policy 
revisions  with  the  long-range  goal  of  achieving  increased 
productivity.  Some  of  the  major  revisions  include  (4:xii): 

The  emphasis  on  Contract  Cost  Risk  was 
increased  from  30  percent  to  40  percent  of  profit. 

In  general,  the  relative  profit  range  on 
fixed-price  type  contracts  was  increased. 


A  new  factor,  contractor  investment  in 
facilities  capital,  was  added  to  the  Weighted 


Guidelines  end  represented  16  percent  of  profit. 

The  implicit  recognition  o-f  cost  o-f  money  on 
facilities  capital  was  removed  as  a  contract  cost 
under  Cost  Accounting  Standard  414. 

A  Special  Productivity  Factor  was  added  to  the 
Weighted  Guidelines  to  return  the  lost  profit 
opportunity  caused  by  productivity  increases  which 
lower  the  cost  base. 

In  1982,  AFSC  conducted  a  similar  study  to  determine  if 
the  desired  goals  of  the  revised  profit  policy  were  achieved. 
The  specific  objectives  of  AFSC's  Profit  Study  '82  were  to 
determine  if  the  profit  policy  had:  1>  stimulated  investment 
in  contractor  facilities,  2)  rewarded  productivity 
improvements,  3>  fostered  a  reasonable  level  of  interest  in 
defense  contracts,  and  4)  been  understood  by  government  and 
industry  <4:xi> . 

The  impetus  behind  the  revised  policy  changes  of  1976  was 
that  an  increased  return  on  sales  (profit)  would  stimulate 
capital  investment  (4:13).  The  1982  study  indicated  that 
negotiated  profits  on  AFSC  contracts  had  risen  from  8.8 
percent  in  1974  to  an  average  of  10.6  percent  in  1981  (4:15). 
But,  the  increase  was  not  due  to  the  change  in  profit 
policies.  Instead,  increased  profits  were  traceable  to  a 
number  of  items:  contract  cost  mix,  contract  type  mix, 
applied  Weighted  Guideline  factors,  capital  employed, 

Treasury  Rate,  and  special  profit  (4:20). 

To  identify  the  relationship  between  profit  and  capital 
investment,  the  Profit  "82  study  revealed  that  capital 
investment  within  the  defense  industry  had  increased  since 


the  1 976  study.  Statistics  published  by  the  Aerospace 
Industries  Association  in  the  book  Aerospace  Facts  and 
Figures  1982/1983  revealed  that  investment  in  new  plant  and 
equipment  had  increased  in  a  number  of  industry  segments. 
These  increases  are  shown  in  Table  V.  But,  in  the  Pro-fit  7 82 
study,  a  significant  correlation  was  established  between 
increased  capital  investment  and  the  increased  sales  base  o-f 
the  contractors  studied.  As  a  percentage  of  sales  in  177? 
and  1981,  capital  expenditures  of  defense  segments  were  four 
percent  while  the  commercial  segment  approximated  seven 
percent,  thus  raising  doubts  concerning  the  relationship 
between  the  revised  profit  policy  and  capital  investment  in 
the  defense  industry  <4i3S) . 


TABLE  V 


New  Plant  and  Equipment  Expenditures 
1977-1982 
<♦  bill  ions) 


1977 

1978 

1979 

1988 

1981 

Est. 

1982 

Non farm 

Business 

♦  198.  1 

♦23 1 . 2 

♦278.3 

♦293.6 

♦321.5 

♦345.  1 

A1 1  Manu¬ 
facturing 

69.2 

79.7 

98.7 

115.8 

126.8 

136.8 

Durable  Goods 

34.8 

48.4 

31.1 

38.9 

61.8 

67.2 

Aerospace 

2.8 

3.2 

5.3 

7.0 

6.4 

7.3 

An  Addition*!  item,  incorporated  in  the  Weighted 


Guidelines  Method  of  computing  pro-fit  rates,  was  the  "special 
productivity  factor".  This  factor  was  intended  to  remove  a 
major  disincentive  for  productivity  enhancements  by  the 
defense  industry  -  lost  profits.  The  Profit  '82  study 
indicated  that  this  factor  was  not  used  except  in  a  few 
cases.  The  reason  for  its  disuse  is  in  its  practical 
application,  the  problem  being  in  the  difficulty  of  measuring 
productivity.  Other  problems  include  the  application  of  this 
factor  in  the  instant  contract,  even  though  the  productivity 
increase  would  provide  benefits  well  into  the  future. 
Furthermore,  based  on  answers  received  in  the  survey  of 
industries,  contractors  do  not  perceive  a  genuine  interest  by 
tfie  Government  to  use  the  factor  (4:48) . 

Other  indications  from  the  above  mentioned  survey  show 
that  contractors  perceive  the  Government  profit/fee  objective 
as  being  dictated  by  management,  regardless  of  the  Weighted 
Guidelines  computation,  and  that  the  contracting  officer 
assigns  weights  to  "back  into"  that  profit  objective  (4:51). 

Profit  and  Capital  Investment 

A  major  finding  reported  in  the  Profit  '92  study  was  that 
profit,  by  itself,  will  not  induce  capital  investment.  The 
greatest  concern  to  industry  is  to  fully  recover  capital 
investment,  including  a  reasonable  return,  such  that  other 
programs  with  a  direct  stimulus  on  capital  investment  must  be 
undertaken  (4:53) . 


Perhaps  the  main  reason  profits,  in  and  of  themselves,  do 
not  induce  capital  investment  is  the  emphasis  the  government, 
as  well  as  the  contractor,  has  put  on  one  definition  of 
profits  -  "the  sum  remaining  after  all  costs,  direct  and 
indirect  are  deducted  from  an  income  of  a  business 
<29 s 1135)."  In  this  sense,  only  one  aspect  of  profitability 
-  the  return  on  sales  -  is  being  considered. 

A  second  measure  of  prof i tab! 1 i ty,  more  commonly  used  by 
lenders  and  investors,  defines  profits  as  a  financial  or 
monetary  gain  obtained  from  the  use  of  capital  in  a  series  of 
transactions;  the  ratio  of  this  to  the  amount  of  capital  in-* 
vested;  and  the  proceeds  from  property  or  investments 
(29:1135) . 

Utilizing  this  definition,  the  profitability  of  a  firm 
can  be  determined  through  its  use  of  any  aspect  of  capital 
assets  -  labor,  equipment,  etc.  Therefore,  the  return  on 
investment,  the  original  investment  plus  gains  realized  over 
and  above  this  investment,  is  a  major  indication  of  the 
profitablity  of  a  firm. 

As  shown  in  Table  I  (page  3),  the  return  on  stockholder's 
equity  (investment)  is  appreciably  higher  than  the  4.7 
percent  return  on  sales  from  the  Profit  '76  study.  Return  on 
investment  for  aerospace  companies  is  relatively  high  due  to 
the  labor  intensive  methods  used  in  producing  aircraft  and 
aircraft  components.  Since  labor  is  part  of  total  capital, 
capital  turnover  is  faster,  creating  a  higher  return  on 
investment.  Other  things  being  equal,  investors  (both  public 


and  private)  wish  to  maximiza  thair  raturn  on  invastmant; 
that  is,  racaiva  tha  graatast  futura  bana-fit  for  tha  laast 
cost  <40*912>. 


Altarnativas  for  inducing  capital  invastmant,  in  tha  form 
of  aquipmant  varsus  labor,  hava  baan  suggastad  and  soma 
impl smantad.  Thasa  altarnativas  includa  mul tiyaar  contrac¬ 
ting,  improvad  contractor  financing,  capital  invastmant 
indamnification,  ate.  Tach  Mod  has  also  baan  idantifiad  as  a 
major  inducamant  for  capital  invastmant.  Thasa  programs  ara 
consistant  with  tha  opinions  axprassad  in  tha  Profit  '82 
survay  whara  73  parcant  of  thosa  survayad  baliavad  that 
profit  policy  induesmants  ara  affactiva  only  if  combi nad  with 
othar  incantivas  varsus  10  parcant  who  did  not  (4t40> . 

Productivity  and  Cost  Incantiva  Programs 

Othar  than  tha  Tach  Mod  program,  procurmnant  procaduras 
and  practicas  aimad  at  improving  contractor  productivity  and 
raducing  costs  hava  baan  introducad.  Thraa  of  thasa 
procaduras;  Mul tiyaar  Procuramant,  Should  Cost  and  tha  Cost 
Accounting  Standards  will  ba  discussad.  This  discussion 
providas  furthar  background  information  in  tha  araa  of 
Govarnmant  afforts  to  incraasa  productivity  and  to  raduca 
costs. 

Mul tiyaar  Procuramant  is  gaarad  towards  raducing  tha 
parcaivad  contractors"  faar  of  program  cancallation  bafora 
tha  invastmant  is  racapturad  and  an  adaquata  raturn  on 
invastmant  is  raalizad.  Should  Cost  studias  saak  to  point 


out  procedures  that  could  bo  implumontod  by  a  contractor  to 
roduco  cost.  This  differs  from  Toch  Mod  in  that  tho 


contractor,  after  tho  Should  Cost  analysis,  rocoivos 
recommendations  for  reducing  cost  and  increasing  efficiency, 
but,  no  monies  are  received  by  the  contractor  from  the 
Government  for  investment  purposes.  Cost  Accounting 
Standards  have  been  introduced  which  are  specifically  aimed 
towards  contractor  investment  in  capital  equipment. 

Multiyear  Procurement. 

The  nature  of  the  weapon  systems  acquisition  process 
tends  to  slow  productivity  advancements.  The  7-  to  12-year 
program  acquisition  cycle  for  major  systems  may  appear  to 
give  a  contractor  time  to  make  long-term  plans  for  capital 
investment  and  improvement.  Actually,  the  acquisition 
process  has  the  opposite  effect  due  to  the  instability 
created  by  the  single-year  contracting  and  funding  methods 
used  by  the  Government  <23sl2). 

Multiyear  procurement  describes  situations  in  which  the 
Government  initiates  contracts,  to  some  degree,  for  more  than 
the  current  year's  requirement.  Multiyear  contracts  have 
been  used  to  acquire  specific  items  or  services  needed  on  a 
repetitive  basis  since  the  early  1948's  <23:4-3). 

Multiyear  procurement  for  weapon  systems  was  developed  to 
counterpart  short-term  planning  and  increase  Government 
contractor's  long-term  investeient  planning.  The  1962  DOD 
Authorization  Act  (Public  Law  97-84,  dated  1  December  1981) 
gave  Congressional  support  for  the  use  of  multiyear 


procurement.  The  Act  provides  for  < 1)  use  of  multiyear 
procurement  on  major  systems  acquisitions;  <2>  use  of  advance 
procurements  to  obtain  economic  lot  prices;  and  <3)  an 
increase  in  the  contract  cancellation  ceiling  from  *5  million 
to  *100  million  <23:1?). 

One  proposed  advantage  of  multiyear  procurement  is  cost 
savings  estimated  to  be  between  10  and  20  percent  of  unit 
procurement  costs,  resulting  from  the  contractor's  ability  to 
predict  future  program  needs.  This  advantage  should  allow 
the  contractor  to  plan  material  and  component  purchases  to 
take  advantage  of  economic  order  quantities  (which  they  are 
reluctant  to  do  under  single-year  procurement  practices).  A 
second  anticipated  advantage  of  multiyear  procurement  is  to 
encourage  the  contractor  to  invest  and  then  possibly  to 
recoup  start  up  and  capital  investment  costs  over  a  three-  to 
five-year  period  versus  a  single  year.  The  third  advantage 
hoped  for  is  that  the  program  will  create  stability  which 
would  attract  more  businesses  to  the  defense  industry  thus 
stimulating  competition  and  reducing  acquisition  costs 
<23:21-23)  . 

There  appears  to  be  a  disadvantage  to  multiyear 
procurement;  the  commitment  by  the  Government  to  purchase  a 
specified  number  of  end  items  over  a  three-  to  five-year 
period.  This  gives  the  contractor  the  authority  to  purchase 
materials  and  components  in  economic  lots  before  they  are 
actually  needed.  If  the  Government  requirements  change 
drastically  during  the  life  of  the  program  (perhaps  due  to  a 


change  in  th*  perceived  threat) ,  the  Government  may  be  faced 
with  increased  costs,  delays  in  delivery  schedules,  or 
cancellation  costs  associated  with  termination  of  the 
contract  <23i24) . 

Should  Cost.  (13) 

Another  approach  used  in  the  efforts  for  controlling  the 
rising  cost  of  weapon  systems  is  th*  'Should  Cost”  concept. 
Should  Cost  is  directed  more  towards  th*  analysis  of  contract 
costs  versus  increasing  productivity.  The  implementation  of 
the  Should  Cost  team's  findings  are  th*  contractor's 
responsibil ity. 

The  Should  Cost  concept  for  purchasing  weapon  systems  at 
the  best  possible  price  was  not  a  new  idea;  the  analysis  of 
each  line  item  cost  is  an  essential  element  in  the  overall 
negotiation  of  any  Government  contract.  Mhat  was  new  was 
carrying  out  th*  concept  by  using  special  teams  of  highly 
qualified  individuals  to  perform  an  indepth  analysis  of  all 
phases  of  a  contractors  operations.  Th*  Air  Force  developed 
the  following  definition  of  Should  Costs 

A  technique  of  contract  pricing  that  employs  an 
integrated  team  of  Government  acquisition,  contract 
administration,  audit  and  engineering 
representatives  to  conduct  a  coordinated,  indepth 
cost  analysis  at  th*  contractor's  or  subcon¬ 
tractor's  plants.  Th*  objective  is  to  identify 
uneconomical  or  inefficient  practices  in  the 
contractor's  management  and  operations  and  to 
quantify  the  findings  in  terms  of  their  impact  on 
cost.  The  result  is  th*  development  of  a  realistic 
price  objective  that  reflects  reasonably  achievable 
economies  and  efficiencies. 
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Should  Cost  studios  are  directed  mainly  towards  sole 
source  contractors  where  the  procurement  value  is  in  excess 
of  *10  million;  histories  of  increasing  costs  exist;  and  the 
procurement  action  involves  major,  on-going  programs.  The 
objective  o-f  a  Should  Cost  study  is  to  identify  and  challenge 
uneconomical  practices  in  the  contractor7 s  management  and 
operations;  to  quantify  the  findings  in  terms  of  cost  impact 
in  establishing  the  Government  negotiation  objective;  and  to 
establish  a  program  for  eliminating  such  practices  in  the 
future. 

Should  cost  studies  generate  meaningful  results  only  in 
selected  instances.  The  Air  Force  encourages  that  Should 
Cost  be  used  only  for  contracts  where  the  dollar  value  and 
other  contracting  factors  are  such  that  the  payoff  from  an 
in-depth  analysis,  in  terms  of  improved  contractor  operations 
and  more  realistic  prices,  is  likely  to  significantly 
outweigh  the  time,  effort  and  cost  involved  in  conducting  the 
review. 

On  1  July  1968,  the  General  Accounting  Office  (GAO) 
studied  the  feasibility  of  using  uniform  cost  accounting 
standards  (CAS)  in  the  negotiation  of  defense  procurements 
amounting  to  *100,008  or  more.  The  purpose  was  to  lower 
contract  costs. 

The  fact  is  that  a  contractor's  cost  estimate  plays  an 


important  role  in  the  establishment  of  the  negotiated 
procurement  price,  and  the  cost  of  any  specific  order  can 


only  be  accurately  measured  through  the  operation  of 
consistent  cost  accounting  practices  (14:1).  On  the  basis  o-f 

the  GAO  study,  Congress  passed  Public  Law  91-379  in  August 
1979  creating  a  board  to  promulgate  uniform  cost  accounting 
standards  applicable  to  negotiated  defense  contracts  (14:3). 

Two  cost  accounting  standards  that  weigh  heavily  in  any 
investment  decision  are  CAS  499,  'Depreciation  of  Tangible 
Capital  Assets*  and  CAS  414,  'Cost  of  Money  as  an  Element  of 
the  Cost  of  Facilities  Capital.*  The  intention  of  these 
standards  is  to  allow  a  contractor  to  obtain  a  fair  rate  of 
return  for  his  investments,  not  necessarily  to  encourage 
capital  investment.  CAS  499,  which  became  effective  on  1 
July  1975,  allows  recovery  of  depreciation  expenses  based  on 
estimated  actual  service  lives  of  capital  equipment.  It  does 
not  allow  use  of  accelerated  depreciation  methods  such  as  the 
Accelerated  Cost  Recovery  System. 

BiarreUUm  489) . 

The  intent  behind  rapid  depreciation  allowances  is  to 
encourage  modernization  of  plants  and  equipment;  the 
allowances  are  liKely  to  do  so,  but  not  if  interest  rates 
remain  high.  Under  the  new  law,  both  accelerated  and 
straight  line  depreciation  offer  substantial  encouragement  to 
invest  in  plant  and  equipment.  Moreover,  rehabilitation 
credits  offer  companies  the  option  of  modernizing  old  plants, 
if  that  alternative  seems  more  preferable  <2:44). 

One  initiative  designed  to  spur  capital  investment  is  the 


proposed  reform  of  national  policies  on  depreciation  of 


capital  asset*,  deemed  necessary  because  existing  policies 
are  believed  to  have  discouraged  the  defense  industry  from 
modernizing  manufacturing  facilities  and  equipment.  In 
support  of  such  reforms,  the  Deputy  Secretary  of  Defense 
instructed  DOD's  general  council  (48:49): 

General  Council  should  support  legislative 
initiatives  to  permit  more  rapid  capital  equipment 
depreciation  and  to  recognize  replacement 
depreciation  costs  by  amending  or  repealing  Cost 
Accounting  Standard  489,  depreciation  of  tangible 
capital  assets. 

The  Financial  Accounting  Standards  Board  (FASB) ,  the 
Internal  Revenue  Service  (IRS),  and  the  Cost  Accounting 
Standards  (CAS)  Board  are  the  three  principle  regulators  who 
establish  depreciation  rules  (48:38).  The  CAS  Boards 
requirements  on  depreciation,  as  stated  in  CAS  489,  parallel 
those  of  the  FASB  in  both  principle  and  practice  (48:31): 

The  method  of  depreciation  used  for  financial 
accounting  purposes  shall  be  used  for  contract 
costing  unless  i)  such  method  does  not  reasonably 
reflect  the  expected  consumption  of  services  for 
the  tangible  capital  assets  to  which  applied  or; 
ii)  the  method  is  unacceptable  for  federal  income 
tax  purposes. 

Over  the  years,  the  intent  of  various  changes  to  the  IRS 
code,  such  as  optional  depreciation  methods  and  the  invest¬ 
ment  tax  credit,  has  been  to  encourage  capital  investment. 
Although  the  direction  of  these  changes  was  appropriate, 
their  relative  impact  on  producing  much  needed  capital 
investment  has  been  minimal.  Dr.  Allen  E.  Puckett,  Chairman 
of  the  Board,  Hughes  Aircraft  Company,  summarized  his  views 
on  the  problems  of  inflation  and  inadequate  tax  laws  as 


With  inflation,  currant  tax  provisions  no 
longer  provide  the  incentives  needed  to  spur 
economic  growth.  The  tax  benefits  resulting  from 
accelerated  depreciation  and  tax  credits  now  in 
effect  are  insufficient  in  terms  of  reinvestment. 

Those  countries  which  have  shown  increased  capital 
investment  and  productivity  have  also  pursued  taxation 
policies  designed  to  stimulate  capital  investment.  Switzer¬ 
land  allows  a  depreciation  rate  of  50-80  percent  in  the  first 
year  for  machinery;  the  United  Kingdom  allows  100  percent; 
Japan  95  percent;  and  Canada  100  percent  over  the  first  two 
years.  Until  recently,  the  United  States  had  not  came  close 
to  providing  comparable  incentives  (48:31>  . 

In  an  effort  to  improve  incentives  for  capital  invest¬ 
ment  in  thi s- country ,  lawmakers  in  the  Congress  have  enacted 
a  number  of  tax  reforms.  One  such  reform  is  the  Economic 
Recovery  Tax  Act  <ERTA)  of  1981,  known  as  the  10-5-3  Bill, 
which  greatly  increases  the  minimum  depreciation  life 
required  by  the  Internal  Revenue  Code  for  tax  purposes.  The 
10-5-3  refers  to  the  bill's  shortened  depreciation  periods 
for  plant  and  facilities,  equipment,  and  vehicles  -  10,  5, 
and  3  years  respectively.  The  ERTA  of  1981  stipulates  that 
assets  qualifying  for  the  5  year  write-off  be  depreciated  as 
follows:  20  percent  the  first  year,  32  percent  the  second 
year,  24  percent  the  third,  16  percent  the  fourth,  and  8 
percent  the  fifth  year  <48: 32) . 

00D  has  not  supported  the  proposal  for  using  10-5-3 
depreciation  in  pricing  defense  contracts.  Instead,  it  has 


proposed  use  of  replacement  cost  depreciation,  under  which 
the  annual  charges  are  adjusted  upward,  based  upon  an  index, 
to  compensate  -for  the  amount  o-f  inflation  incurred  during  the 
year  (48:33) . 

Some  in  industry  and  government  have  criticized  the  CAS 
Board  principally  because  they  believe  that  its  Standard  409 
mandates  use  of  straight  line  depreciation  without  regard  to 
the  impact  of  inflation  or  replacement  costs.  They  argue 
that  the  board  has  inhibited  capital  investment  by  rigidly 
adhering  to  old,  outmoded  accounting  conventions  of  the  FASB 
(48:32) . 

Industry  normally  sets  aside  cash  amounts  equal  to  the 
annual  depreciation  charge  on  an  asset  in  order  to  accumulate 
the  funds  needed  for  its  eventual  replacement.  However,  CAS 
409  directly  affects  both  the  timing  and  the  amount  of  DOD 
reimbursements  to  defense  contractors  for  depreciation  costs, 
and  critics  believe  that  it  creates  insufficient  funds  for 
replacing  old  assets.  The  shortfall  in  accumulated  funds 
results  because  inflation  erodes  the  value  of  total 
depreciation  charges,  which  are  actually  worth  much  less  in 
terms  of  real  value  than  the  amounts  reflected  under 
accounting  procedures  (48:33) . 

Of  the  29  witnesses  who  testified  before  the  Defense 
Industrial  Base  Panel,  none  addressed  the  underlying 
rationale  for  either  standard  409  or  the  actions  of  the  CAS 
Board  in  general .  “Those  who  have  objected  to  the  standard 
have  furnished  little  hard  evidence  of  a  direct  cause  effect 


relationship  between  low  capital  investment  and  the  board's 
regulations  on  depreciation  (48:33). ‘ 

Industry  and  government  have  erroneously  insisted  that 
CAS  40?  is  a  straight  line  depreciation  policy.  Most  defense 
industries  actually  use  accelerated  depreciation  rather  than 
straight  line  depreciation  for  pricing  defense  contracts.  A 
survey  of  the  CAS  disclosure  statements  filed  by  the  top 
eight  aerospace  corporations  revealed  that  all  but  one  used 
some  form  of  accelerated  depreciation  for  cost,  tax,  and 
financial  accounting  purposes.  ‘Contrary  to  some  testimonies 
offered  at  the  Defense  Industrial  Base  Panel  hearings,  seven 
of  these  corporations  use  exactly  the  same  method  of 
depreciation  for  cost  and  financial  accounting  (48:33). ■ 
C-g»^9f.Mpnqy_  <P*S  1141. 

CAS  414,  which  went  into  effect  on  October  1,  1976, 
results  in  reimbursement  to  a  contractor  on  an  interest-type 
basis  for  the  undepreciated  book  value  of  his  facilities.  It 
is  an  imputed  cost  rather  than  an  actual  cost  so  as  not  to 
penalize  a  contractor  who  has  financed  purchases  of  facil¬ 
ities  or  equipment  himself  rather  than  obtaining  loans  for 
this  purpose.  Tradi tional 1 y ,  costs  of  this  nature  have  been 
recovered  as  an  element  of  profit  rather  than  as  an  element 
of  cost.  DOD  profit  policies  were  adjusted  due  to  this 
allowance  (37:141). 

In  promulgating  its  standard  414,  ‘Cost  of  Money  as  an 
Element  of  the  Cost  of  Facilities  Capital”,  the  CAS  Board  has 


provided  a  measure  of  relief  from  inflation.  Under  that 


standard,  da-fans*  contractors  ara  annually  raimbursad  an 
amount  aqual  to  an  asset's  average  undapraciatad  balanca 

multipliad  by  the  Traasury  rata  as  publishad  by  tha  Sacratary 

o-f  tha  Traasury.  Tha  Board  salactad  this  approach  for 

daaling  with  tha  problem  of  inflation  bacausa  it  found  a 

strong  corralation  batwaan  intarast  ratas  and  tha  ratas  of 

inflation;  also,  tha  board  believed  it  was  simpl*  to 

administer  (48:34) . 

Suggested  Alternatives for  CAS  489  and  414. 

Coupled  with  depreciation  reimbursements  under  CAS  40?, 
tha  amounts  contractors  receive  for  cost  of  money  under 
standard  414  provide  nearly  the  same  total  result  in  real 
terms  as  would  be  obtained  if  tha  asset  ware  written  off  in 
tha  first  year  of  use  (48:34) . 

Alternatives  to  revision  or  repeal  of  Standard  409  ara 
available,  however,  and  a  program  responsive  to  the  problems 
of  tha  defense  industry  might  include  tha  following  measures. 
1)  A  restructuring  of  DOD's  profit  policy  to  give  more  profit 
to  those  contractors  who  actually  make  capital  investments 
that  are  used  in  the  performance  of  defense  contracts.  The 
profit  increment  should  be  significantly  tangible  and  visible 
to  establish  a  direct  relationship  between  reward  and 
investment.  2)  Adopting  a  cost  accounting  policy  which 
insures  that  contractors  are  not  forced  by  government 
auditors  and  contracting  officers  to  use  straight  line 
depreciation  on  the  basis  of  an  overly  narrow  interpretation 


of  CAS  409.  Greater  leeway  should  be  given  to  defense 


contractors  who  want  to  us*  g*n*rat1y  acc*pt*d  methods  of 
acc*1*rat*d  depreciation.  3>  Encouraging  defense  industries 
to  make  greater  us*  of  loans  provided  for  under  Title  III  of 
the  Defense  Production  Act.  More  loan  funds  should  be  mad* 
available  for  use  in  making  the  capital  investments  needed  to 
modernize  the  defense  industry  <48:34>. 


Profitability  and  Productivity 

While  the  stated  goals  of  Multiyear  Procurement ,  Should 
Cost  and  CAS  are  reducing  costs  and  increasing  productivity; 
the  underlying  attempt  of  these  programs  is  to  expand  the 
definition  of  profits  to  that  espoused  by  investors  and 
lenders  -  the  ability  of  a  firm  to  realize  a  return  on  all 
aspects  of  capital.  Profit,  in  the  form  of  monies  remaining 

after  all  expenses  have  been  paid,  is  one  indication  of  a 

* 

firm's  well  being.  Profit  in  the  form  of  experienced  gains 
over  original  capital  investments  is  another.  Without 
consideration  of  this  aspect  of  the  profitability  picture, 
the  productivity  of  any  industry  cannot  be  increased. 
Investors  and  lenders  will  discontinue  their  practices  with  a 
firm  if  they  cannot  realize  an  adequate  return  on  their 
investment . 

The  need  to  increase  national  productivity  has 
justifiably  been  proclaimed  the  challenge  of  the 
80s.  In  recent  years  we  have  witnessed  the  eclipse 
of  the  once  dominant  U.S.  automotive,  steel  and 
consumer  electronics  industries  by  their  more 
productive  foreign  counterparts.  Those  industries 
where  the  U.S.  still  retains  an  edge — aerospace, 
semiconductors,  computers --have  become  the  new 
targets  of  foreign  competition  C 5 s i ] . 


Solving  the  product ivi ty  problem  extends  beyond  the  roach 


of  AFSC,  the  Air  Fore*  and  the  Department  of  Defense.  But, 
being  a  major  buy  or  o-f  goods  and  services  within  th*  U.S., 

DOD  believes  the  productivity  problem  has  received  snough 
at  ton  t  ion  to  warrant  tho  ostabl  ishmont  o-f  an  organization  to 
work  this  problem,  Tho  Office  -for  Industrial  Productivity. 

O-fficp  -for  Industrial  Productivity 

In  1982,  Undor  Socrotary  o-f  Do-fonso  -for  Rosoarch  and 
Enginooring  Or.  Richard  0.  Dolauor  ostabl  i shod  an  Office  -for 
Industrial  Productivity  in  tho  Pentagon  to  stimulate 
increased  o-f-f icioncios  and  productivity  throughout  tho 
do-fonso  industry.  Tho  Directorate  is  composed  o-f  Director, 
Industrial  Resources]  Director,  Standardization  and 
Acquisition  Support]  and  Director,  Industrial  Productivity; 
all  under  the  Assistant  Deputy  Under  Secretary  o-f  De-fense 
<3:119-120) . 

The  primary  role  o-f  the  Industrial  Productivity 
Directorate  is  to  foster  increased  production  efficiencies 
and  productivity  of  the  defense  sector  of  U.S.  industry.  The 
Directorate  serves  as  an  advocate  of  tax  policies,  capital 
investment  incentives,  government  regulations,  and 
legislative  initiatives  to  promote  productivity  or  reduce 
impediments  to  a  more  productive  defense  industry  <3:121). 
Emphasis  in  the  policy  area  will  be  on  Department  of  Defense 
acquisition  strategies,  source  selection  criteria,  and 
contract  incentives.  The  Directorate  will  also  examine 


acquisition  strategics,  source  selection  criteria,  and 
contract  incentives  employed  on  particular  programs  -from  the 
standpoint  o-f  assessing  overall  policy  implementation  by  the 
Military  Services  relating  to  productivi ty . 

To  enable  the  O-f-fice  o-f  Industrial  Productivity  to  carry 
out  its  role,  the  Industrial  Modernization  Incentives  Program 
was  initiated. 

The  objective  o-f  the  Industrial  Modernization  Incentives 
Program  <IMIP),  is  to  develop,  test,  and  re-fine  contract 
incentives  encouraging  industry  to  make  productivity 
enhancing  capital  investments.  Incentives  include  shared 
savings  rewards  and  contractor  investment  protection.  Other 
incentives,  such  as  award  fees,  are  permissible  but  have  as 
yet  received  less  attention  <38ti35).  A  major  aspect  o-f  IMIP 
is  Technology  Modernization  (Tech  Mod) . 


Tech  Mod  was  accepted  by  the  Air  Fore*  in  1977  when 
General  Dynamics  developed  a  long-range  plan  -for  technology 
and  -facility  modernization  to  produce  the  F-16.  It  -formed 
the  framework  -for  future  cooperation  between  the  Air  Force 
and  contractors  to  improve  productivity  and  lower  acquisition 
costs.  As  the  idea  maturedf  investments  and  incentives  were 
defined  and  shared  risk/benefit  goals  were  developed. 
Currently,  each  Product  Division  in  AFSC  is  involved  in  some 
form  of  Tech  Mod  with  their  respective  contractors  (5:3). 

There  are  three  phases  to  a  Tech  Mod  Program;  factory 
analysis,  development  of  technologies,  and  implementation  of 
the  approved  technologies.  The  conclusion  of  a  "business 
deal"  provides  the  transition  from  Phase  I  to  Phases  II  and 
III  (3:1). 

The  factory  analysis  is  conducted  to  determine  the  needs 
of  the  facility  and  the  modernization  programs  that  might 
apply  to  the  systsms  being  produced  in  the  facility.  Phase  I 
identifies  two  areas  for  productivity  improvement.  The  first 
is  investment  in  off-the-shelf,  state-of-the-art  improvements 
that  create  immediate  productivity  advances.  The  second  is 
technology  advances  that  require  additional  development  and 
investment.  These  areas,  with  their  required  investments, 
are  weighed  during  the  business  deal . 


The  business  deal  is  a  transition  mechanism  between  Phase 
I  and  Phases  II  and  III.  It  determines  the  ground  rules  -for 
the  Phase  II  and  III  contract.  During  the  business  deal,  the 
Air  Force  and  the  contractor  de-fine  what  they  hope  to  achieve 
and  evaluate  opportunities  for  technical  and  economic  value. 
Items  considered  during  the  business  deal  include: 

Scope  o-f  the  Tech  Hod  -  Whether  the  factory  as  a  whole  or 
select  areas  will  be  upgraded,  the  ultimate  goal  is  to 
upgrade  the  entire  factory. 

Business  Base  -  The  Tech  Mod  will  include  one  large 
program  or  more  than  one  program. 

Mutual  Investments  -  The  levels  of  investment  by  the 
Government  and  the  contractor  are  determined  by  the  needs  and 
objectives  of  each  Tech  Mod. 

Technology  Selection  -  Of  the  technologies  identified 
during  Phase  I,  select  the  ones  offering  better  alternatives 
in  terms  of  feasibility,  return  on  investment,  and  risk. 

Hurdle  Rates  -  Define  an  acceptable  return  on  investment 
rate.  These  rates  are  negotiable,  but  must  be  defined 
upfront . 

Schedules  ~  Define  the  technologies  needing  development 
and  their  implementation  date. 

Incentives  and  Other  Provisions  -  Negotiate  awards  or 
penalties  for  scheduled  implementation  progress  and  how  the 
'savings*  from  the  new  technologies  will  be  shared. 

Phase  II  of  the  Tech  Mod  Program  is  concerned  with  the 
development  of  the  technologies,  design,  and  building  of  the 


factory  modernization  improvements.  Phase  II  also  identifies 
implementation  plans,  hardware/software  requirements  and 
confirms  specific  applications  through  method  demonstrations. 

Actual  implementation  of  the  technologies  occurs  during 
Phase  III  of  the  program.  This  phase  includes  the  purchase 
and  set-up  of  the  equipment  identified  as  having  the  greatest 
potential  payback. 

Typical  funding  for  a  Tech  Mod  is  a  joint  Air  Force/ 
contractor  venture.  The  Air  Force  supports  the  majority  of 
the  Phase  I  and  II  funds  ("seed  money* )  and  the  contractor 
funds  capital  equipment  for  Phase  III.  Some  contractors  have 
completed  Phase  I  on  their  own;  others,  the  entire  Tech  Mod 
in  return  for  incentive  contracts  to  obtain  an  acceptable 
return  on  investment  (9:4) . 

A  major  factor  in  a  Tech  Mod  Program  is  the  creation  of 
an  arrangement  that  supports  an  acceptable  payback  to  the  Air 
Force  and  the  contractor.  Any  savings  over  and  above  the 
initial  investment  is  justification  for  a  Tech  Mod  on  a  known 
program.  Also  to  be  considered  would  be  benefits  to  other 
programs  the  contractor  is  working  on  and  future  benefits  to 
new  programs  (9:6) . 

New  Technologies  Being  Employed 

Of  the  new  technologies  available,  there  are  only  a  few 


of  which  the  defense  industry  has  taken  advantage.  Many  of 
these  technologies  were  developed  by  the  Air  Force  in 
conjunction  with  the  work  being  conducted  at  the  Air  Force 


Materials  Laboratory  under  the  guise  of  the  ManTech 
(Manufacturing  Technology)  Program.  These  technologies  were 
begun  with  the  advent  of  Numeric  Control  in  the  late  1950s. 


Numeric  Control . 

Numeric  Control  (NC)  is  a  form  of  programable  automation 
in  which  the  manufacturing  process  is  controlled  by  numbers, 
letters,  and  symbols.  With  NC,  the  numbers,  letters,  and 
symbols  form  a  program  of  instructions  designed  for  a 
particular  process.  When  the  process  or  job  changes,  the 
program  of  instructions  is  changed  since  it  is  usually  easier 
to  write  new  programs  than  to  make  major  changes  in  the 
production  equipment.  NC  equipment  makes  up  approximately  15 
percent  of  the  modern  machine  tools  in  industry  today. 
Equipment  using  numerical  control  has  been  designed  to 
perform  operations  such  as  drilling,  milling,  turning, 
grinding,  sheetmetal  pressworking,  spot  welding,  arc  welding, 
riveting,  assembly,  drafting,  inspection,  and  parts  handling 
(24:164) . 

Numeric  Control  has  led  to  further  extensions  in 
improving  technology.  Four  of  these  extensions  are  Direct 
Numeric  Control  (DNC) ,  Computer  Numeric  Control  (CNC), 
adaptive  control ,  and  industrial  robots. 

Direct  Numeric  Control  uses  a  large  computer  to  control 
different  and  separate  NC  machine  tools.  The  program  is  sent 
to  the  machine  tool  directly  from  the  computer  memory.  One 
computer  can  be  used  to  control  more  than  100  different 
machines.  The  DNC  computer  provides  instructions  to  each 


match  in*  tool  immediately  on  demand  (24:233-235) 


Computer  Numeric  Control  is  an  NC  system  that  uses  a  mini- 
or  micro-computer  to  perform  the  basic  numerical  control 
functions.  They  control  only  one  or  a  small  number  of 
machines  and  collect  data  to  serve  as  part  of  a  management 
information  system  (24:239) . 

Adaptive  control  reduces  the  in-process  time.  Where  NC 
guides  the  sequence  of  tool  positions  of  the  toot,  adaptive 
control  determines  the  correct  speeds  and  feeds  during  the 
machining  process.  Adaptive  control  responds  to  and 
compensates  for  variations  such  as  material  hardness,  width  or 
depth  of  cut,  air  gaps  in  the  part,  etc.  This  results  in  more 
efficient  operation  and  longer  tool  life  (24:241). 
COTPiitir:rtidf0  Ptsign- 

Computer-aided  design  (CAD),  another  technology  being 
adopted  by  the  defense  industry,  is  any  'design  activity  that 
involves  the  effective  use  of  the  computer  to  create  or  modify 
an  engineering  design  (24:262).*  There  are  basically  two 
reasons  for  using  CAD.  The  first  is  to  increase  the 
productivity  of  the  designer.  The  computer  helps  the  designer 
to  visualize  the  product  and  its  subassemblies.  This  helps 
the  engineer  reduce  the  time  to  develop,  analyze,  and  document 
the  design.  The  second  reason  is  to  create  a  data  base  for 
the  manufacturing  of  the  product.  The  computer  not  only  aids 
in  the  design  of  the  product  but  also  the  development  of  the 
process  plan  or  'route  sheets”  used  by  manufacturing  engineers 
to  create  the  actual  product  (24:262,269) . 


The  bottom  lino  objective  of  IMIP  is  to  make  it  practical 


■for  industry  to  implement  modern  equipment  and  management 
techniques  in  order  to  produce  DOD  weapon  systems  at  lower 
cost.  Tech  Mod  is  concerned  with  the  impl ementation  o-f 
modern  equipment  and  better  management  techniques  throughout 
the  -factory  in  order  to  reduce  costs.  Neither  the  Government 
nor  the  contractor  do  this  on  a  "no-cost”  basis.  This  study 
examines  the  government's  cost  (including  management)  to 
determine  if  this  portion  of  the  IMIP  is  cost  effective.  The 
following  hypothesis  and  research  questions  to  support  or 
refute  the  hypothesis,  are  the  guidelines  used  in  the  conduct 
of  this  study. 

Hypothesis. 

-  The  cost  to  the  Air  Force  of  ASD  Tech  Mods,  when 
management  costs  are  accounted  for,  does  not  justify  the 
benefits  or  savings  accrued  from  Tech  Mod  in  those  programs. 
The  34  Tech  Mod  programs  in  ASD  will  be  the  focus  of  this 
study.  Although  this  is  not  a  "scientific"  random  sample,  it 
does  relate  to  the  aerospace  and  propulsion  sectors  of  the 
aerospace  industrial  base.  The  findings  relate  to  the 
industrial  base  analysis  currently  being  conducted  by  the  Air 
Force. 

Research  Questions. 

1.  What  are  the  projected  costs  for  each  Tech  Mod  Program 
in  ASD? 

2.  What  are  the  projected  savings  from  these  programs? 


3.  How  much  time  has  been  expended  or  is  projected  to  be 
spent  on  each  ASD  Tech  Mod  Program? 

4.  What  is  the  dollar  value  o-f  this  time? 

9.  What  is  the  Air  Force's  Return  on  Investment  when  all 
costs  are  considered? 


Chapter  one  presented  the  -factors  a-f -fee ting  productivity 
in  the  United  States.  Chapter  two  emphasized  the  Defense 
Industry  and  addressed  ways  in  which  the  DOD  is  attempting  to 
correct  the  problems  of  productivity  and  costs  facing  Defense 
Industry  contractors.  Chapter  three  defined  the  concept  of 
Technology  Modernization  and  some  basic  technologies  recently 
adopted  by  manufacturing  firms. 

The  developers  of  the  Tech  Mod  program  were  looking  for 
ways  to  increase  productivity  while,  in  turn,  reducing  costs 
of  government  acquisitions.  One  of  the  elements  used  to 
motivate  contractors  to  invest  in  facility  and  capital 
improvements  is  the  sharing  of  the  resultant  savings  between 
the  contractor  and  the  government.  These  savings  are  based 
on  the  difference  between  the  proposed  cost  of  a  weapon 
system  before  and  after  Tech  Mod  implementation  while  taking 
into  account  the  investments  required  by  both  parties. 

The  Government  investment,  or  expenditure,  includes  the 
seed  money  for  a  Tech  Mod  program.  This  money  does  not 
include  management  costs  because  of  the  differing  funding 
programs  within  DOD;  personnel  costs  are  not  associated  with 
any  particular  program,  they  are  funded  in  and  of  themselves. 

This  funding  profile  differs  entirely  from  defense  as 
well  as  commercial  contractors  who  tie  personnel  costs,  as 


closely  as  possible,  to  a  particular  program  in  order  to 
estimate  the  total  cost  o-f  a  program. 

It  has  been  estimated  that  Government  personnel  expend  33 
manyears  o-f  effort  on  a  typical  Tech  Mod  program  <38>  .  With 
the  inclusion  of  the  cost  of  this  effort,  will  savings 
reported  on  a  Tech  Mod  program  still  result? 

This  chapter  defines  the  techniques  used  to  quantify 
personnel  expendi tures.  With  the  quantification,  costs  will 
be  assigned  and  the  return  on  investment  for  the  Government 
can  be  determined. 

Air  Force  Systems  Command  <AFSC)  has  been  designated  as 
the  acquisition  command  of  the  Air  Force  for  all  newly 
developed  weapon  systems  and  their  components.  AFSC  is 
comprised  of  five  principal  divisions  that  maintain 
responsibi 1 i ty  for  these  components  until  they  are 
transferred  to  Air  Force  Logistics  Command.  The  divisions 
and  their  responsibilities  are  as  follows: 

Aeronautical  Systems  Division  -  responsible  for  the 
development  and  initial  deployment  of  aircraft  and  their 
propulsion  systems; 

Electronics  Systems  Division  -  responsible  for  the 
development  of  command,  control  and  communication  systems; 

Armament  Division  -  responsible  for  the  development  of 
missiles  and  munitions; 

Space  Division  -  responsible  for  the  development  and 
implementation  of  space  technologies;  and, 

Air  Force  Contract  Management  Division  -  responsible  for 


overseeing  all  contractual  activities  at  a  contractors 
■facility  involving  AFSC  contracts. 


The  emphasis  of  this  research  project  is  focused  on  the 
Aeronautical  Systems  Division  (ASD> .  This  focus  is  in  line 
with  the  current  Defense  Industrial  Base  Sector  Analysis 
being  conducted  throughout  the  Department  of  Defense.  Of  the 
eight  sectors  being  studied,  ASD  is  the  lead  Product 
Division/Organization  for  the  aircraft  and  propulsion  sectors 
<47)  . 

There  were  five  categories  of  data  collection  used  in  the 
conduct  of  this  study.  Each  category  was  used  to  support  the 
research  questions,  stated  earlier,  for  all  types  of  Tech  Mod 
programs  planned  and  being  implemented  at  ASD. 

Contnct  Rtvirv- 

A  review  of  existing  Tech  Mod  contracts  determined  the 
government  investment  to  date,  persons  involved,  the  expected 
savings  generated  during  the  conduct  of  the  program,  and  the 
technologies  to  be  developed  or  implemented. 

Manhour  Accounting. Summaries. 

A  review  of  the  Manhour  Accounting  Summary  (MAS) 
statistics  was  conducted.  For  FY  1983  and  beyond,  the 
manufacturing  personnel  in  each  Program  Office  have  been 
directed  to  report  manhour  expenditures,  on  Tech  Mod,  for 
that  particular  program,  by  using  a  78900  functional  code  on 
the  MAS  sheet.  These  statistics  are  filed  by  the  program 


offices  on  a  bi-monthly  basis.  Prior  to  1983,  efforts 
pertaining  to  Tech  Mod  were  reported  through  the  MAS  on  an  ad 
hoc  basis.  The  negotiation  o-f  Tech  Mod  contracts  is  not 
included  in  this  -functional  code  summary. 

Management  Plans. 

To  determine  the  projected  manpower  requirements,  a 
review  o-f  the  management  plans  -for  each  organization  was 
conducted.  This  review  determined  the  number  o-f  personnel 
expected  to  be  involved  in  the  Tech  Mod  Program.  This  number 
was  compared  to  other  programs  o-f  a  similar  nature  to  see  if 
a  correlation  existed  and,  if  so,  was  this  a  realistic 
projection  of  manpower  needs. 

Personal  Interviews. 

To  determine  the  negotiation  times  as,  well  as  any  other 
times  not  reported  under  the  MAS  system,  personal  interviews 
were  conducted.  The  persons  interviewed  were  those 
government  personnel  directly  involved  in  the  management  and 
implementation  of  each  Tech  Mod  program  within  the  different 
System  Program  Offices. 

This  process  determined  direct  manhour  expendi tures. 

To  determine  the  indirect  or  overhead  manhour  expenditures 
involved,  a  review  of  all  organizations  at  higher  head¬ 
quarters  directly  involved  in  Tech  Mod  was  conducted. 

The  above  methods  were  used  to  determine  the  number  of 


manhours  expended  or  projected  to  be  spent  on  a  Tech  Mod 
program.  To  assign  costs  to  these  manhours,  the  average  rank 
and/or  grade  of  the  personnel  involved  was  established. 


Using  existing  pay  scales,  the  dollar  value  was  computed  by 
multiplying  the  percentage  of  time  expended  on  the  program  by 

this  average.  This  procedure  allowed  -for  any  under  or  over 
estimations  of  time  expenditures.  To  compute  Temporary  Duty 
assignment  costs,  the  number  of  assignments,  their  length  of 
time,  and  location  were  aggregated  and  again,  multiplied  by 
the  same  factors  applicable  in  the  computation  of  personnel 
costs. 

Determination  of  Actual  Savings  and  Return  on  Investment 


Total  direct  and  indirect  management  costs  to  the 
Government  for  each  Tech  Mod  under  study  was  included  with 
the  monetary  investments.  This  total  was  then  subtracted 
from  the  actual  or  estimated  future  savings  of  the  specific 
Tech  Mod  to  which  they  applied.  The  Return  on  Investment 
<ROI)  ,  with  and  without  personnel  costs',  on  each  of  these 
programs  was  computed  using  tables  of  interest  factors  for 
discrete  compounding  periods.  Compounding  periods  used  were 
the  actual  or  estimated  time  periods  for  the  applicable  Tech 
Mod  program  to  be  completed.  Due  to  the  budgeting  cycles 
within  the  DOD,  it  should  be  noted  that  all  data  beyond  FY  84 
are  based  on  estimates.  Only  those  investments  with  a  high 
probability  of  occurence  were  utilized.  Military  and 
civilian  pay  data  for  FY  85  and  beyond  was  estimated  at  a 
four  percent  annual  increase.  This  estimate  is  in  line  with 
the  current  rate  of  pay  raises  experienced  over  the  past  two 
years.  No  determination  was  made  on  whether  a  specific  ROI 


was  icctptiblt  or  not  -  this  should  bo  loft  up  to  highor 
authority,  such  as  thoso  who  approvo  or  disapprovo  individual 
Toch  Mods. 


The  sawings  reported  -for  each  o-f  the  -following  Tech  Mod 
program*  was  determined  through  the  contractor's  cost  esti¬ 
mating  techniques.  These  sawings  were  then  werified  by  the 


gowernment's  audit  personnel. 

Saw i nos  Determination 

The  original  program  estimates  use  the  existing  equip¬ 
ment  and  manu-factur i ng  techniques  currently  employed  by  the 
contractor.  By  use  of  parametric  analysis  and  knowledge 
expected  to  be  reaped  from  the  Tech  Mod  projects;  a  new 
estimate  is  then  made  for  the  oweral 1  program  cost.  The 
difference  between  the  two  estimates  is  what  the  gowernment 
and  the  contractor  term  the  sawings.  For  each  of  the  Tech 
Mod  programs,  the  contractor  is  allowed  to  make  an  adequate 
return  on  his  inwestment  before  the  sharing  in  the  sawings 
occurs. 

In  all  but  one  of  the  Tech  Mod  programs  studied,  the 
werification  of  these  sawings  is  difficult  to  accomplish. 

For  the  B-1B  program,  once  the  technologies  hawe  been  imple¬ 
mented,  the  dollar  amount  assigned  to  the  current  contract 
will  be  reduced  by  the  sawings  amount;  the  contractors  hawe 
agreed  to  return  that  amount  to  the  gowernment.  The  gowern¬ 
ment,  in  turn,  will  issue  a  new  check  to  the  contractor  to 
meet  their  negotiated  return  on  inwestment  rate;  35%  for 
Rockwell,  30%  for  AIL.  These  rates  were  based  on  the  amount 


of  technical  risk  associated  with  the  projects  undertaken  by 
the  two  contractors. 

In  many  instances,  the  savings  are,  in  reality,  cost 
avoidances.  The  budgets  for  the  weapon  systems  are  not 
reduced  by  these  savings}  the  monies  are  funneled  into  other 
aspects  of  the  program.  The  B-1B  savings  approach  is  being 
considered  by  other  programs  who  have  yet  to  negotiate  their 
Tech  Mod  business  deals.  This  approach  is  preferred  due  to 
the  actual  savings  that  are  realized.  It  alleviates  many  of 
the  QAO's  inquiries  as  to  where  these  savings  are  going. 

Incentive  Provisions. 

For  the  Tech  Mod  program  with  Lockheed,  Georgia  Divi¬ 
sion,  a  share  ratio  of  30/30  was  established.  Two  incentive 
provisions  were  negotiated  with  this  contract.  The  first 
incentive  was  designed  to  insure  the  technologies  would  be 
implemented  in  a  timely  manner.  For  each  month  the  contrac¬ 
tor  had  the  new  equipment  working  ahead  of  schedule,  a  bonus 
was  to  be  paid.  The  second  incentive  was  designed  to 
encourage  the  contractor  to  improve  the  negotiated  savings. 
These  incentives  are  to  be  paid  after  the  first  trial  year 
and  actual  savings,  over  and  above  the  negotiated  savings, 
are  being  realized. 

Investment  Data 

The  investment  data  for  each  of  the  following  Tech  Mod 


programs  concerns  the  government  investment  only.  Contractor 
investment  in  each  of  the  projects  is  not  available  due  to 


the  proprietary  nature  of  the  specific  investments.  The 
government  investment  includes  all  seed  monies  and  monies 
related  to  the  compensation  of  personnel  involved  in  the 
programs.  These  personnel  have  been  classified  as  direct, 
those  located  in  the  System  Program  Office;  and  indirect, 
those  assisting  the  program  offices  by  virtue  of  their 
management  charter. 

Pay  data  for  personnel,  whether  involved  in  the  Tech  Mod 
programs  or  not,  was  obtained  from  the  military  and  civilian 
Accounting  and  Finance  Offices.  Table  VI  shows  the  pay  data 
for  military  personnel  on  a  monthly  basis.  Data  are  shown 
only  for  those  ranks  of  personnel  involved  in  the  Tech  Mod 
programs  and  their  period  of  involvement.  The  pay  data 
includes  base  pay,  housing  and  subsistence  allowances.  Table 
VII  shows  the  pay  for  civilian  personnel.  All  data  in  this 
table  is  on  a  yearly  basis.  Tables  VI  and  VII  formed  the 
basis  for  all  subsequent  personnel  calculations  used  in  this 
research  project. 

Indirect  Ptrionntl  CotUi 

Indirect  personnel  costs  attributable  to  all  Tech  Mod 
programs  includes  those  associated  with  the  HQ  AFSC/PMI 
office,  the  Materials  Laboratory,  and  the  Centralized  Tech 
Mod  Office,  all  located  at  Uright  Patterson  Air  Force  Base. 

The  function  of  HQ  AFSC/PMI  is  to  oversee  all  aerospace 
industry  modernization  efforts  conducted  by  Air  Force  Systems 
Command.  Their  activities  are  not  limited  to  the  Aeronautical 


Systems  Division  <ASD) .  But,  with  approximately  70  percent  of 


the  Tach  Mod  program* ,  in  numbers  a*  wall  as  value,  baing 
conductad  by  A80|  tha  parcantaga  of  ovarhaad  cost  attribut- 
abla  to  ASD  was  sat  at  70  parcant.  Tha  total  parsonnal  cost 
o-f  HQ  AFSC/PMI  i  s  shown  i  n  Tabl  a  VIII. 

Tha  Cantralizad  Tach  Mod  Office  <ASD/PMDP>  is  locatad  in 
tha  Contracting  and  Manufacturing  homa  office  in  A80  and 
serves  all  tha  matrixad  manufacturing  and  contracting  dirac- 
toratas  locatad  in  tha  Systam  Program  Officas  <SP0s>.  Tha 
purposa  of  tha  A80/PMDP  is  to  assist  all  tha  SPOs  in  tha 
conduct  and  impl emantat i on  of  Tach  Mod  Programs.  This  offica 
controls  all  PE78011F  funds  for  ASD}  from  budgating  through 
allocation.  Parsonnal  costs  associatad  with  ASD/FMDP  ara 
shown  in  Tabl a  IX. 

Parsonnal  from  tha  Matarials  Laboratory  assist  tha  SPOs 
in  tha  tachnical  avaluation  of  all  Tach  Mod  projacts.  Tha 
majority  of  tha  Lab's  work  daals  with  Manufacturing  Tachnol- 
ogy  (ManTach)}  tha  daualopmant  of  naw  tachnologia*  ralatad  to 
manufacturing  for  tha  subsaquant  usa  by  industry.  Parsonnal 
data  ralatad  to  Tach  Mod  ara  shown  in  Tabl*  X. 

Tha  data  sats  for  HQ  AFSC/PMI,  ASD/PM DP,  and  tha 
Matarials  Lab  ara  applicabla  to  all  tha  Tach  Mod  projacts 
conductad  by  tha  SPOs.  Thas*  indiract  parsonnal  costs  war* 
aqually  dividad  among  tha  six  program  officas  batwaan  fiscal 
yaars  1982  through  1987.  During  tha  following  fiscal  yaars, 
1988  through  1990,  tha  SPOs  have  baan  al locatad  on*  fifth  of 
tha  total  indiract  cost  dua  to  tha  anticipatad  completion  of 
tha  8-1 B  program  in  1987. 


TABLE  VI 


Pay  Data  for  Military  Personnel  on  a  Par  Month  Basis 


Fiscal  0-6 
Yaar  ov/20 


0-5 

ov/16 


0-4 

ov/12 


Rank 

0-3 

ov/8 


0-2 

ov/2 


0-1 

un/2 


E -6 
ov/12 


77 

78 
7? 

80 

81 

82  3971 . 

83  4136. 

84  4309. 

85  4481 , 

86  4660. 

87  4847. 

88  5040. 

89  5242. 

90  5452. 


2265.29 
2359.68 
2458.00 
2630.41 
2945.78 
17  3367.09 
64  3501.67 
00  3641.80 
36  3787.47 
61  3938.97 
03  4096.53 
92  4260.39 
55  4430.80 
25  4608.04 


2241 

2511 

2870 

2985 

3104 

3228 

3357 

3492 

3631 

3777 

3928 


1673. 
1743. 
1815. 
.52  1943. 
.38  2177. 
.29  2489. 
.07  2588. 
.50  2692. 
.68  2799. 
.82  2911. 
.14  3028. 
.82  3149. 
.10  3275. 
.18  3406. 


35 

07 

70 

11 

78 

29  1771.69 
77  1842.37 

30  1915.90 
99  1992.54 
99  2072.24 
47  2155.13 

61  2241.33 
59  2330.98 

62  2424.22 


1430.59 

1487.77 
1547.50 
1609.40 
1673.70 
1740.73 
1810.35 

1882.77 
1958.08 


1718.40 
1664.10 

1730.40 
1799.61 
1871 .60 
1946.46 
2024.32 
2105.29 
2189.50 


TABLE  VII 

Pay  Data  for  Civilian  Parsonnal  on  a  Par  Yaar  Basis 


Fiscal  6rada/Stap 

Yaar  83-15  83-14  8S-13  83-12 


79 

28,323 

15,124 

11,521 

9_ 

80 

35,082 

29,503 

14,542 

12,001 

81 

36,545 

30,732 

13,983 

12,501 

82 

52,909 

44,981 

38,068 

32,013 

22,073 

14,566 

13,022 

*  • 

V 

83 

55,025 

46,781 

39,586 

33,290 

22,956 

15,153 

13,541 

84 

56,952 

48,418 

40 , 972 

34,454 

23,761 

15,681 

14,015 

85 

59,230 

50,355 

42,611 

35,832 

24,711 

16,308 

14,575 

IL 

86 

61 ,599 

52,369 

44,315 

37,265 

25,700 

16,961 

15,159 

t". 

87 

64,063 

54,464 

46,088 

38,756 

26,728 

17,639 

15,765 

Sc 

88 

66,626 

56,642 

47,931 

40,306 

27,797 

18,345 

16,396 

M 

89 

69,291 

58,908 

49,849 

41 ,919 

28,909 

19,078 

17,051 

£ 

90 

72,062 

61 ,264 

51 ,842 

43,595 

30,065 

19,841 

17,733 

l 

* 

1 

* 

V 

*> 

**  a 

69 

20,910 
21 ,744 
22,419 


31,819 

33,08? 

34,411 

39,787 

37,21? 

38,708 


22,419 

23,920 

24,441 

29,439 

24,497 

27,919 

28,414 


24,448 

27,710 


OS-19 
V. 


17,449 

18,147 

18,873 

19,428 


19,21? 
19,988 
20,787 
21 ,41? 


GS-13 
30  'A 


11,420 
11,874 
12,292 
12.783 


13,824 
14,3 79 
14,999 
19,993 


OS- 13 
30  y. 

11,420 
11,874 
12,292 
12.783 


13,824 

14,379 

14,999 

19,993 


14,390 

17,004 

17,484 

18,392 


otal 

TOY 

TOTAL 

194,949 

49,000 

239,949 

201 ,714 

49,000 

244,714 

202,988 

90,000 

292,988 

219,403 

90,000 

249,403 

228,178 

90,000 

278,178 

237,304 

99,000 

292,304 

244,797 

99,000 

301 ,797 

294,471 

99,000 

31 1 ,471 

244,938 

40,000 

324,938 

24,448 
27,710 
28,480 
29,828 
31 ,021 
32,242 
33,992 
34,894 
34,290 


24,448 

27,710 

28,480 

29,828 

31,021 

32,242 

33,992 

34,894 

34,290 


GS-13 


24,448 

27,710 

28,480 

29,828 


32,242 

33,992 

34,894 

34,290 


TABLE  IX 

Parsonnal  and  TOY  Costs  for  Cantralizad  Tach  Mod  Offica 


Fiscal  Grada/Rank 

Yaar  Parcantaga  of  Tima 


0-3 

73% 

0-3 

100% 

0-2 

90% 

M  o 

Si 

GS-13 

50% 

GS-13 

95% 

;  I 

83 

23,299 

31 ,065 

19,898 

19,793 

37,607 

84 

24,231 

32,308 

20,692 

13,928 

20,486 

38,923 

89 

25,200 

33,600 

21,519 

14,485 

21 ,306 

40,480 

86 

26,208 

34,944 

22,380 

15,064 

22,158 

42,099 

87 

27,256 

36,342 

23,275 

15,667 

23,044 

43,784 

• !  •  •’ 

88 

28,346 

37,795 

24,206 

16,293 

23,966 

45,534 

*  *.  * j 

89 

29,480 

39,307 

25,175 

16,945 

24,925 

47,357 

- 

90 

30,660 

40,879 

26,182 

17,623 

25,922 

49,251 

GS-12 

total 

TDY 

TOTwi*. 

10% 

83 

3,329 

134,990 

10,000 

144,990 

m  ■  *-  - 

84 

3,445 

154,012 

10,000 

164,012 

tL.. 

85 

3,583 

160,173 

10,000 

170,173 

86 

3,727 

166,579 

10,000 

176,579 

87 

3,876 

173,243 

10,000 

183,243 

•  ‘  -  * 

88 

4,031 

180,172 

10,0.00 

190,172 

89 

4,192 

187,380 

10,000 

197,380 

90 

4,360 

194,875 

10,000 

204,875 

Sourca i  <35> 
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X 
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•“*.**’ 

Parsonnal 

Costs  for 

Matarials  Lab 

c n 

<A1 1  TDYs  ara  Fundad  by  tha  SPOs) 


Fiscal  Grada/Rank 

Yaar  Parcantaga  of  Tima 


0-4 

100% 

0-5 

100% 

0-3 

100% 

5  GS-13* 
7.5% 

5  GS-12* 
5% 

Total 

82 

34,443 

40,405 

14,276 

8,003 

97,127 

83 

35,821 

42,020 

14,845 

8,323 

101 ,008 

84 

37,254 

43,702 

32,308 

15,365 

8,614 

137,241 

85 

38,744 

33,600 

15,979 

8,958 

97,281 

86 

40,294 

34 , 944 

16,618 

9,316 

101,172 

87 

41 ,906 

36,342 

17,283 

9,689 

105,219 

88 

43,582 

37,795 

17,974 

10,077 

109,428 

89 

45,325 

39,307 

18,693 

10,480 

113,805 

90 

47,138 

40,879 

19,441 

1 0 , 899 

118,357 

Sourca:  <22> 
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The  F-16  Tech  Mod  Program  was  dtvtlopfd  to  establish  a 
manufacturing  environment  that  would  minimiza  tha  manufac¬ 
turing  coats  of  tha  F-16  aircraft.  Tha  ultimata  goal  of  tha 
program  was  to  raduca  tha  original  cost  projection,  of  tha 
1388  U.S.  aircraft,  by  *370  million  (33:1). 

General  Dynamics. 

During  tha  full -seal a  davalopmant  program,  tha  YF-16  was 
baing  built  on  tha  sama  production  lina  as  tha  F-lll.  With 
tha  conclusion  of  tha  F-lll  program  in  1976,  tha  facility 
layout  was  considarad  non-conduci ve  towards  tha  production  of 
tha  F-16.  Tha  problam  was  that  many  structural  parts  dastinad 
for  tha  F-16  wara  raquirad  to  follow  a  circuitous  maza 
anrouta  -to  completion  <34:312). 

Bacausa  of  tha  low  production  basa,  Ganaral  Dynamics 
management  had  little  incentive  to  modernize  tha  facility. 
Encouraged  by  tha  F-16  SPO  and  Air  Force  facilities  planners, 
Ganaral  Dynamics  developed  a  modernization  plan  for  replacing 
tha  older  government-owned  equipment  with  modern  new-tech- 
nology  equipment  which  would  have  a  high  impact  on  labor- 
intensive  are«is  and,  at  tha  sama  time,  provide  higher  quality 
finished  parts  (34:313). 

From  1977  through  1983,  tha  Ganaral  Dynamics,  Fort  Uorth 
Division's  total  capital  investment  amounted  to  *187.2 
million,  of  which,  *111.9  million  was  apportioned  to  modern¬ 
ization.  Modernization  has  taken  tha  form  of  increasing  tha 


number  of  robots  in  use  at  tha  Fort  Uorth  plant.  Under  tha 


Air  Fore*'*  Integrated  Computer-Aided  Manufacturing  program, 
General  Dynamics  started  using  robots  for  production  drilling 
and  routing  in  1979  < 38 i 77-78). 

The  Phase  I  effort  of  the  Tech  Mod  program  was  aimed  at 
definition  of  the  overall  program  objectives  and  establish¬ 
ment  of  a  preliminary  analysis  of  proposed  concepts  through 
feasibility  evaluations  by  technical  consultants  <Booz, 

Allen,  and  Hamilton,  Inc.)  and  by  application  of  cost 
performance  standards.  The  Phase  I  effort  extended  from 
November  1978  through  April  1979. 

During  the  Phase  II  effort  (April  1979  -  October  1979), 
the  final  selection  and  integration  of  concepts  were 
developed  into  what  are  now  the  Work  Center  Design,  Factory 
Integration,  and  Enabling  Technologies  developments.  During 
this  same  period,  specific  methodologies  were  refined  to  meet 
performance  assessment  and  cost  tracking  requirements  of  the 
program. 


Iil'l't  H»Ii  ill  H.l.I-lI-I-VJSMrTi  Jiiiin  ’iiH 


The  success  of  the  F-l 6  Tech  Mod  program,  coupled  with  a 
sound  F-l 6  production  business  base  and  the  potential  support 
of  the  multi-year  procurement  concept,  led  the  Air  Force  and 
General  Dynamics  to  initiate  another  unique  program  entitled 
"Industrial  Technol ogy  Modern i zat i on* .  The  goal  of  this 
program  is  to  increase  sub-contractor  productivity,  enhance 
quality,  and  reduce  material  or  component  acquisition  cost, 
to  the  prime  contractor,  on  the  F-14  program  and  other  USAF 
and/or  DOD  contracts.  The  ITM  program  assists  the  subcon- 


tractor  in  defining,  developing,  and  implementing  industry/ 
■factory  modernization  improvements.  General  Dynamics  has 
been  authorized  by  the  Air  Force  to  manage  all  aspects  of  the 
ITM  Program  with  participating  sub-contractors  <21:l-?>. 

The  subcontractors  involved  in  the  ITM  and  their  asso¬ 
ciated  phases  of  the  Tech  Mod  program  include; 

Subcontractor  Phase  of  Tech  Mod 


Uestinghouse  (Lima,  Ohio)  II 

Simmonds  Precision  II  &  III 

Tracor  II  &  III 

Sperry  Flight  Systems  II 

Del co  II 

S i er r ac i n/Sy 1 mar  1 1 

Sundstrand  1 1 


Goodyear  (Arizona)  I 

Aerospace  Avionics  I 

Ai research  I 

Arkwin  I 

Menasco  I, 

Goodyear  Wheels  4  Brakes  I 

National  Waterlift  I 

Honeywell,  Inc.  I 

TRW  (Cleveland)  I 

Gull  Airborne  Ind.  I 

•  Applied  Technology 

*  Pacific  Electro  Dynamics 

»  Dynamic  Controls 

*  Phase  I  proposals  received,  not  yet  on  contract 
Simmonds  Precision  Corporation. 

Simmonds  Precision  Corp.,  one  of  the  subcontractors  who 
has  entered  Phase  III  of  the  Tech  Mod  program,  is  working  in 
conjunction  with  General  Dynamics  in  the  development  of  new 
technologies  which  include  automatic  in-circuit  testing  of 
printed  circuit  boards,  progressive  line  flow  assembly 


techniques,  laser  metal  cutting  and  an  optical  scanning 


With  automatic  in-circuit  tasting  of  printad  circuit 
boards,  tha  boards  ara  automatically  tastad  prior  to  thair 
installation  into  assamblad  units.  This  will  raduca  tast  and 
troubl ashoot i ng  labor  at  tha  unit  functional  level  and  will 
aliminata  tha  naad  for  100%  componant  inspection  for  parts 
location,  value  and  polarity. 

Tha  prograssiva  lina  flow  assembly  technique  involves 
tha  reorganization  of  material  flow  to  taka  advantage  of  tha 
economy  and  time-saving  aspects  of  the  prograssiva  lina  flow 
assembly  concept.  Currently,  a  single  production  operator 
performs  the  entire  sequence  of  assembly  operations  in  the 
manufacture  of  a  certain  assembly  such  as  fuel  tanks.  With 
the  proposed  process,  a  unit  assembly  will  flaw  to  individual 
work  stations  dedicated  to  a  specific  assembly  operation. 

Each  dedicated  work  station  will  contain  the  instructions, 
tooling,  and  fixtures  required  to  perform  a  specific  job, 
allowing  each  assembly  operator  to  became  highly  proficient 
in  his/her  own  portion  of  the  total  assembly. 

A  laser  metal  cutting  project  was  designed  to  reduce 
deburr ing  operations  through  the  use  of  a  laser.  Normally, 
thin-walled  aluminum  tubes  have  holes  drilled  in  various 
patterns  using  conventional  cutting  tools  and  a  specialized 
numeric  control  <NC)  machine  tool.  Burrs  are  removed  using 
hand  deburr ing  and  automated  processing  prior  to  surface 
finishing.  With  laser  metal  cutting,  holes  are  cut  with  a 
high  speed  metal -cutt i ng  laser  that  will  be  integrated  with 
an  NC  machine.  The  laser  will  be  controlled  by  a  computer 


numerically  controlled  machine  and  will  produce  relatively 
burr-free  holes  in  the  aluminum  tubing.  The  laser's  high 
speed  cutting  rates  and  the  reduction  of  expendable  cutting 
tools  provide  additional  savings. 

The  objective  of  an  optical  scanning  indicator  test  is 
to  perform  automated  testing  of  fuel  measurement  indicators 
utilizing  an  optical  sensory  system.  Currently,  all  final 
testing  of  fuel  quantity  indicators  is  accomplished  using 
specialized  test  systems  capable  of  producing  electronic 
signals  that  simulate  actual  systems  operating  signals.  This 
requires  a  test  technician  to  constantly  monitor  the  indi¬ 
cator  during  the  test  sequence.  The  technician  verifies, 
visually,  that  the  indicator  pointer  moves  to  the  correct 
location  on  the  dial.  The  proposed  testing  approach  will 
implement  an  optical  scanning  system  to  monitor  the  fuel 
gauging  indicator  during  the  final  test.  The  scanning  system 
will  focus  on  specified  locations  on  the  indicator  dial  and 
monitor  dial  pointer  movements  in  response  to  signal  inputs 
to  the  indicator.  When  the  pointer  response  is  acceptable, 
the  test  automatically  cycles  to  the  next  test  sequence. 

SPO  Rfturn  gD.Jnvt*frnfn{t 

Personnel  and  TOY  costs  for  those  persons  involved  in 
all  aspects  of  the  F-16  Tech  Mod  program  are  shown  in  Table 
XI.  Total  number  of  manyears  attributed  to  the  General 
Dynamics  Tech  Mod  program  is  18.498}  towards  the  ITM  program, 
18.362  for  an  overall  total  of  36.82  manyears. 


The  savings  and  investment  associated  with  each  of  these 


1  H- 


programs  is  shown  in  Ttblt  XI.  Th*  return  on  investment  for 
the  General  Dynamics  program,  as  shown  in  Table  XII,  is 
approximately  190  percent  with  personnel  cost  included.  The 
return  on  investment  without  personnel  cost  is  194  percent;  a 
reduction  of  four  percent  overall.  The  return  for  the 
Industrial  Technology  Modernization  program,  as  shown  in 
Table  XIII,  is  less  than  0.01X  with  or  without  personnel  cost 
included.  It  should  be  noted  that  the  savings  used  in  these 
calculations  are  those  attributable  to  the  F-16  program 
only.  Savings  on  other  USAF  and  DOD  programs  for  the  ITM 
program  are  estimated  at  *330  million.  If  these  savings  were 
included  in  the  return  on  investment  calculation,  the  return 
would  approximate  330X.  When  all  investments,  seed  monies  as 
well  as  personnel  cost,  are  combined  for  the  General  Dynamics 
and  the  ITM  program,  the  overall  return  on  investment  for'  the 
F— 16  program  is  187X  with  personnel  cost  inctuded;  1 91'/. 
without  personnel  costs. 
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TABLE  XI 

Personnel  end  TDY  Costs  for 
F-14  System  Program  Office 


Fiscal 

Year 


Grade/Rank 
Percentage  of  Time 


GS-I2 
23 y. 


GS-4 

sy. 


TABLE  XII 


Government  Savings  and  Investment 
F-16  System  Program  Office 
General  Dynamics  Program 


Fiscal 

Year 

Government 

Investment 

X 

Personnel 

SP0 

Cost 

Indirect 

Total 

Investment 

77 

100 

33,092 

33,092 

78 

4,800,000 

100 

34,096 

4,834,096 

79 

9,400,000 

100 

39,709 

9,439,709 

80 

6,700,000 

100 

41 ,847 

6,741 ,847 

81 

7,100,000 

90 

41,171 

7,141,171 

82 

7,100,000 

80 

62,332 

44,943 

7,207,279 

83 

7,100,000 

70 

96,439 

97,484 

7,213,922 

84 

7,100,000 

60 

90,043 

99,424 

7,209,467 

89 

7,100,000 

90 

27,932 

44,738 

7,172,670 

86 

2,900,000 

40 

22,380 

37,062 

2,999,442 

87 

2,900,000 

30 

13,922 

29,038 

2,942,961 

88 

2,900,000 

20 

9,973 

24,096 

2,933,629 

89 

2,900,000 

10 

4,290 

12,497 

2,916,707 

90 

10 

4,388 

13,004 

17,392 

Sav i ngs 

Net  Savings 
Ul/Personnel  * 

Net  Savings 

W/0  Personnel  * 

77 

0 

(33,052) 

0 

78 

0 

(4,834,096) 

(4,800,000) 

79 

10,200,000 

4,760,291 

4,800,000 

80 

22,900,000 

16,198,153 

16,200,000 

81 

30,900,000 

23,398,830 

23,400,000 

82 

24,200,000 

16,992,725 

17,100,000 

83 

26,900,000 

19,686,078 

19,800,000 

84 

30,100,000 

22,894,933 

23,000,000 

89 

41,100,000 

33,927,330 

34,000,000 

86 

43,700,000 

41,140,558 

41 ,200,000 

87 

49,300,000 

46,757,039 

46,800,000 

88 

99,700,000 

57,166,371 

57,200,000 

89 

69,600,000 

63,083,293 

63,100,000 

90 

64,600,000 

64,582,608 

64,600,000 

Return  on 

investment  with 

personnel  cost 

190X 

Return  on 

investment  without  personnel  cost  194X 

Source:  < 28) 


TABLE  XIII 


Government  Savings  and  Investment 
F-16  System  Program  Office 
Industrial  Technology  Modernization  Program 


Fiscal 

Year 

Governmen  t 
Investment 

X 

Personnel 

SP0 

Cost 

Indirect 

Total 

Investment 

81 

0 

10 

4,979 

4,979 

82 

4,900,000 

20 

19,983 

11,236 

4,926,819 

83 

8,100,000 

30 

24,188 

24,637 

8,148,824 

84 

19,000,000 

40 

33,362 

36,990 

19,070,312 

89 

19,300,000 

90 

27,932 

44,738 

19,372,670 

86 

19,400,000 

60 

33,971 

99,993 

19,489,164 

87 

20,900,000 

70 

32,486 

67,798 

21  ,000,243 

88 

21,100,000 

80 

38,291 

96,223 

21,234,914 

89 

22,200,000 

90 

38,290 

112,087 

22,390,364 

90 

0 

90 

39,499 

117,031 

196,929 

Net  Savings 

Net  Savings 

Savings  U/Personnel  *  UI/0  Personnel  $ 


81 

<4,979> 

0 

82 

<4,926,819) 

<4,900,000) 

83 

4,200,000 

<3,948,829) 

<3,900,000) 

84 

6,300,000 

<8,770,312) 

<8,700,000) 

89 

11,400,000 

<7,972,670) 

<7,900,000) 

86 

19,700,000 

<3,789,164) 

<3,700,000) 

87 

19,700,000 

<9,300,244) 

<9,200,000) 

88 

16,800,000 

<4,434,914) 

<4,300,000) 

89 

16,800,000 

<9,990,337) 

<9,400,000) 

90 

17,800,000 

17,643,474 

17,800,000 

Return  on 

investment  with 

personnel  cost 

less  than  0.0 IX 

Return  on 

investment  without  personnel  cost  less  than  O.i 

Source:  <28> 


B-IB  System  Program  Office 

This  Tech  Mod  program  entails  a  total  productivity 
improvement  effort  at  various  Rockwell  facilities  and  subcon 
tractors  engaged  in  the  production  of  the  B-18.  In  early  FY 
83,  Rockwell  completed  a  top  down  factory  analysis.  Areas 
being  reviewed  or  analyzed  include:  diffusion  bonding, 


structural  machining,  and  assambly  at  tha  prim#  contractor's 
-facility  <44*4-2-17). 

Subcontractors  angagad  in  other  Tach  Mod  programs 
includa  AVCO  (wings)  and  Vought  (aft  and  a-ft  i ntarmadi ata 
fusalaga).  Othar  potantial  subcontractors  on  tha  B-1B  who 
ara  baing  approachad  with  a  Tach  Mod  program  includa:  Clava- 
land  Pnaumatic  (main  landing  gaar),  Manasco  (nosa  gaar), 
Grumman  (horizontal  stabilizar),  and  Martin  Mariatta  (varti- 
cal  stabilizar)  (44*4-2-17). 


Much  o-f  Rockwall's  B-1B  Tach  Mod  daals  with  labor  saving 
davicas  as  wall  as  improvad  mat  hods  -for  producing  aircraft 
parts  at  lowar  cost.  Thasa  includa  tachnologias  to  improva 
drilling,  cutting,  inspaction,  ate. 

a 

Ona  naw  davalopmant ’ is  a  davica  cal  lad  GANDIS  which  in- 
spacts  compos i ta  typa  matarials  usad  in  making  aircraft  wings 
and  fusalagas.  Parts  ara  composad  by  tha  bonding  of  diffar- 
ant  typas  of  matarial  to  form  tha  aircraft  skin.  A  sonar 
typa  inspaction  systam,  CANDIS,  is  usad  to  "look”  batwaan  tha 
layars  of  matarials  to  ansura  thara  ara  no  air  gaps  which 
would  raduca  tha  total  strangth  of  tha  part  baing  manufac- 
turad.  This  aliminatas  dastructiva  tast  sampling  and  raducas 
matarial  costs  as  wall  as  making  a  strongar  matarial. 

Rockwall  is  also  invast ing  in  a  Capacitanca  Hoi  a  Proba 
which  drills  and  maasuras  tha  thousands  of  high  tolaranca 
raquiramant  hoi  as  in  tha  aircraft  skin  and  innpacts  tha 
ovaral 1  work  at  tha  sama  tima.  This  procadurr  dacraasas 


*at-up  tin*,  aliminataa  tha  naad  for  Additional  inapaction 
and  raducaa  tha  ovaral 1  work-i n-procaa*  tima. 

Rockwall 'a  invaatmant  in  a  fluid  ayatama  projact  will 
raduca  matarial a  raquiramant  and  work-in-procaaa  tima.  Tha 
naw  procaaa  will  chack  tha  praaaura  raquiramanta  for  titanium 
tubaa  uaad  to  tranaport  hydraulic  fluid  throughout  tha  air¬ 
craft  without  having  to  daatroy  part  of  tha  tubing.  Currant- 
ly,  tha  tubaa  ara  hald  in  an  axtramaly  tight  vica  grip  during 
inapaction  dua  to  tha  high  praaaura  raquiramanta  within  tha 
tubaa.  Thia  procadura  of tan  cauaaa  damaga  to  tha  tuba  anda 
which  muat  ba  cut  off  aftar  taating.  Tha  old  inapaction 
procadura  raquirad  tha  tubaa  to  ba  mada  longar  than 


laary.  Tha  naw  projact  will  anabla  tha  manufacturar  to 


maka  all  tubaa  to  tha  requfrad  langth,  thua  raducing  matarial 
coat  and  damaga  to  tha  tubaa  raaulting  from  matalic  acrapa 
which  occur  aftar  tha  tuba  haa  baan  cut. 

A  final  axampla  of  Rockwall 'a  at tamp t  to  lowar  produc¬ 
tion  coata  through  Tach  Mod  ia  i ta  invaatmant  in  watar-jat 
cutting  machinaa.  Thaaa  tool  a  ara  uaad  to  cut  campoaita 
matarial  by  tha  uaa  of  high  powarad  atraama  of  watar.  Thia 
raducaa  tha  duat  craatad  uaing  oldar  procadura*,  thua  alimi- 
nating  tha  naad  for  alaborata  axhauat  ayatama  for  workar 
protaction.  It  alao  dacraaaaa  much  of  tha  noiaa  craatad  in 
cutting  matarial a  that  contributaa  to  noiaa  pollution. 
Watar-jat  cutting  makaa  a  claanar,  mora  accurata  cut  than 
normal  cutting  tool  a  raducing  tha  tima  naadad  to  daburr  tha 
cut  adgaa. 


AIL-  D«^ntiv«  Avionic*. 

Th*  B-1B  SPQ  is  also  involved  in  Ttch  Hod  contracts  with 
AIL,  th*  prim*  contractor  for  defensive  avionics.  AIL  has 
two  T*ch  Mod  contracts  with  th*  B-1B  SPO.  Th*  first  contract 
is  for  a  L*adl*ss  Chip  Carrier  -  for  th*  manufacture  and 
fabrication  of  computer  chips.  This  is  a  work  system  that 
identifies  th*  chips,  w*r*  to  plac*  them,  attach  and  test  th* 
chips.  Th*  test  and  inspection  of  th*  chips  is  th*  most 
critical  part.  Previously,  this  was  don*  on  a  visual  basis, 
it  is  now  don*  on  a  scanning  basis  by  th*  computer. 

Th*  second  T*ch  Mod  contract  with  AIL  is  similar  to  th* 
6*n*ral  Dynamics  ITM  contract.  Th*  purpose  of  this  contract 
is  for  AIL  to  go  out  and  find  potential  Tech  Mod  candidates 
for  their  subcon tf actors.  Thr**  subcontractors  of  ALL  have 
Tech  Mod  contractsi  General  Electric  Electronic  Systems 
Division  for  a  coaxial  cable  bender  and  a  flexible  machining 
center;  Northrop,  to  attempt  to  find  a  way  for  building  and 
inspecting  traveling  wav*  tubes)  and,  Sedco,  for  a  log  video 
amplifier,  phaser  driver  and  a  fahriet  shifter. 

B-1B  SPO  Return  on  Investment. 

Personnel  and  TOY  cost  for  those  involved  in  the  B-1B 
Tech  Mod  program  are  shown  in  Table  XIV.  The  total  number  of 
manyears  associated  with  this  Tech  Mod  is  34.67  with  11.9? 
attributable  to  th*  Phase  I  effort)  4.74  towards  Phase  II; 
and  18.34  towards  Phase  III. 

The  savings  and  investment  attributed  to  the  B-1B 
program  are  shown  in  Table  XV.  The  return  on  investment, 


83 


Fiscal 

Y#*p 


Grads/Rank 
P*rc*nt*g*  of  Tim* 


0-3 

100% 


21 ,788 
23,317 
2d, 133 
29,871 
31 , 049 
32,308 
33,400 
34,944 
34,342 


14,748 

19,782 

17,479 

20,203 

21,010 

21,891 

22,729 

23,434 

24,979 


8S-12 

60’/. 


14,994 
17,702 
18,439 
19,208 
19,974 
20,472 
21 ,499 
22,399 
23,294 


68-4 

9X 


68-12 

49X 


19,177 
19,974 
20,808 
21 ,439 
22,399 
23,291 


total 


94,104 
74,979 
82,848 
90,741 
94,349 
97,927 
101 ,843 
81,499 
84,943 


TOY 

TOTAL 

79 

49,000 

99,104 

80 

49,000 

121 ,979 

81 

49,000 

127,848 

82 

49,000 

139,741 

83 

90,000 

144,349 

84 

90,000 

147,927 

89 

90,000 

191 ,843 

84 

90,000 

131 ,499 

87 

90,000 

134,943 

TABLE  XV 


Government  Savings  and  Investment 
B-1B  System  Program  Office 


Fiscal 

Year 

Government 

Investment 

Personnel  Cost 

SPO  Indirect 

Total 

Investment 

79 

99,106 

99,106 

80 

121 ,379 

121 ,579 

81 

127,848 

127,848 

82 

2,300,000 

135,741  36,179 

2,491 ,920 

83 

13,300,000 

144,363  82,119 

15,726,484 

84 

16,200,000 

147,927  89,476 

16,440,301 

83 

6,000,000 

131,843  89,476 

6,241 ,319 

8  6 

131,695  92,655 

224,350 

87 

134,963  96,796 

231 ,759 

Net 

Savings  Net  Savings 

Savings  U/Per sonne 1  *  W/0  Personnel  ♦ 

79 

<99, 106> 

0 

80 

<121 ,579) 

0 

81 

<127,848) 

0 

82 

<2,491,920)  <2,300,000) 

83 

<15,726,484)  <15,500,000) 

84 

a 

<16,440,301)  <16,200,000) 

83 

32,000,000 

25,758,681  26,000,000 

86 

31 ,400,000 

31,175,650  31,400,000 

87 

24,400,000 

24,168,241  24,400,000 

Return  on  investment 

with  personnel  cost 

38 y. 

Return  on  investment 

with  personnel  cost 

41  .4% 

Source:  <9> 


Airlift  and  Trainer  Systems  Program  Office 

The  Airlift  and  Trainer  SPO  has  responsi bi 1 i ty  for  the 
production  and  ultimate  deployment  of  cargo  and  training 
aircraft.  The  SPO  is  currently  conducting  Tech  Mod  programs 
with  Fairchild;  Lockheed,  Georgia  and  their  subcontractor 
AVCOj  and  Boeing  Mi  1 i tary  Airplane  Company. 
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Fitrchi ld» 

Fairchild  Industrial,  Inc.,  is  tha  prims  contractor  for 
ths  T-44A  advanced  trainsr  which  is  to  rsplacs  ths  T-378 
currant ly  usad  in  Undargraduata  Pilot  Training.  At  this  tima, 
Fairchild  has  four  Air  Forca  approvad  Tach  Hod  candidata  pro— 
jacts  undar  davalopmant.  Thax  includa  an  automatad  machining 
cantar,  partsmakar  call,  machi na  shop  tool  praparation  with 
nuaiaricallx  control  lad  <NC)  grindar  and  a  robotic  drill/rout 
cal  1 . 

Tha  automatad  machining  cantar  is  a  sxstam  intandad  to 
prouida  milling,  drilling,  tapping,  raaming  and  boring  capa- 
bilitias  to  high  variaty,  small  quantity  parts.  Tha  sxstam 
will  haua  salf-moni tor ing  sansors,  automatad  matarial  tool 
handling  and  inspaction  machi nary.  A  control  sxstam  will  ba 
usad  to  ansura  constant  work  flow  using  raal-tima  schaduling 
logic  through  simulation.  Tha  prasant  sxstam  usas  manual  and 
conusntional  NC  aquipmant  and  manual  matarial  handling 
tachniquas. 

Tha  partsmakar  call  is  a  4-axis,  4-spindla  NC  machining 
sxstam  which  psrforms  cutting,  routing  and  drilling  opara- 
tions.  Spindtas  moua  along  thraa  linaar  axas  with  tha  work 
holding  chuck  providing  a  fourth  rotary  axis.  A  salf-faad 
capability  providas  multipla  small  datail  parts  from  a  singla 
satup.  In  tha  prasant  sxstam,  matarial  cut  is  manually 
loadad,  unloadad  and  transportad  from  station  to  station  for 
accampl i shmant  of  routing  and  drilling.  At  timas,  multipla 
satups  ara  raquirad  for  a  singla  oparation. 


Through  the  us*  o-f  a  machine  shop  preparation  with  NC 


grinder,  tools  -for  use  in  NC  machines  would  be  prepared 
accurately  through  us*  of  an  NC  grinder.  A  reground  toot 
with  highly  qualified  geometry,  exact  tooth  to  tooth  con¬ 
sistency,  constant  rake  angle  and  high  surface  finish  would 
be  produced.  The  system  includes  storage  of  all  geometric 
and  grinding  data  for  tools  in  use,  inspection  of  ground 
tools  and  organ ixed  tool  storage.  Currently  the  manual  prep¬ 
aration  of  tools  produces  inconsistent  results  with  lower 
tool  life  and  quality  of  cutting  operations. 

In  the  robotic  drill/rout  cell)  trimming,  drilling, 
routing  and  deburr ing,  of  complex  contour  sheet  metal  parts 
are  to  be  accomplished  in  one  setup.  Parts  will  be  loaded 
onto  movable  shuttle  tables  which  present  the  part  to  the 
robot.  A  ten-tool  change  station  allows  selection  of  the 
proper  cutting  tools.  Three  tables  allow  for  setup  while 
other  parts  are  in  work.  Presently,  contour  parts  take  five 
operations  -marking,  trimming,  drilling,  routing  and 
deburring  -  which  requires  five  setups,  one  fixture,  four 
transportation  moves  and  two  classifications  of  workers. 

Lockheed.  Oeoroia  Division  and  AVCQ. 

Lockheed-Georgi a  and  their  subcontractor;  AWCO, 
Aerostructures  Division;  are  attempting  to  improve  the 
productivity  and  operations  of  those  facilities  which  impact 
the  cost  of  the  C-9A  wing  modification  program  through  Tech 
Mod.  The  C-SA  wing  modification  Tech  Mod  was  initiated  in 
1980.  This  program  is  currently  in  Phase  III.  Areas  where 


manuf actur i ng  improvements  are  being  made  include  an  advanced 
DNC  system  to  operate  id  machines;  computer-aided  shop  setup 
program;  voice  data  entry  system  in  which  the  operator  talks 
to  a  computer  through  a  microphone;  a  brush  deburr ing  system; 
and  an  electromagnetic  clamp  to  secure  skin  panels  together 
during  drilling  <31t9i>. 

Efforts  are  currently  underway  to  restructure  this  Tech 
Mod  program,  giving  more  independence  to  AMCO.  This  is  being 
done  to  recognize  AVCO's  importance  to  the  entire  large  air¬ 
craft  base.  AMCO  is  a  prime  manufacturer  of  aircraft  wings. 
The  new  program  will  expand  the  current  limited  AWCO  Tech  Mod 
to  a  total  factory  effort  that  will  assist  the  company's 
entire  business  base  < 44 i 4-2-19). 

Brush  deburr ing  involves  a  deburr ing  machine  which  will 
provide  both  edge-breaking  and  deburring  capability  for  flat 
sheet  metal  parts.  Existing  equipment  will  deburr  but 
requires  manual  edge-breaking  to  meet  quality  requirements. 
Hand  deburring  is  very  extensive  and  labor  intensive.  The 
new  system  is  currently  being  used  in  production. 

Direct  Numeric  Control  will  establish  centralized  pro¬ 
gramming  and  control  of  Lockheed's  NC  machines.  Currently, 

97  total  NC  machines  are  designated  to  be  included  in  the 
system.  Each  machine  is  equipped  with  sensors  to  report 
maintenance  information  to  the  centralized  control  center. 

The  benefits  of  this  project  will  be  in  reduced  set-up  times, 
better  machine  utilization,  reduced  scrap  and  rework  and 


reduced  run  times 


The  computer  aided  set-up  program  will  provide  set-up 
instructions  to  machine  operators.  These  computer  generated 
instructions  will  replace  hand  generated  instructions. 
Additionally,  this  program  will  retain  within  the  computer 
the  tricks-of-the-trade  developed  by  highly  experienced 
operators  which,  in  turn,  will  be  available  to  new  machine 
operators.  The  benefits  of  this  project  will  be  reduced  run 
times,  reduced  set-up  times,  and  a  reduction  of  scrap  and 
rework. 

The  voice  data  entry  system  (UDES) ,  developed  under  this 
Tech  Mod  program,  will  not  be  put  to  use  in  the  plant. 
Problems  with  tonal  inflection,  worker  reluctance  to  use  the 
system,  cost  and  background  noise  were  encountered.  Although 
the  system  will  not  be *used,  the  technologies  developed  from 
the  system  will  be  transferred  to  other  companies  for  further 
development  and  use.  Boeing  Military  Airplane  Company  (BMAC> 
has  proposed  the  VDES  as  a  possible  candidate  project  for 
their  Tech  Mod  program.  The  Air  Force  will  not  pay  for 
further  development  and  implementation  of  this  system  during 
the  BMAC  Tech  Mod  but  does  encourage  BMAC  to  work  on  it  using 
their  own  funds. 


Boeing  Military  Airplane  Company,  Ui chita,  Kansas,  made 
a  commitment  for  involvement  in  the  Air  Force's  Tech  Mod 


program  and  is  developing  a  plan  for  short-  and  long-term 
plant  modernization.  From  1978  to  1982,  the  company  spent 


*380.1  million  which  included  *44  million  for  USAF  Plant  No 


13,  *28.3  million  in  new  construction  and  more  then  *243 
million  in  plant  equipment.  The  new  equipment  wilt  consist 
o-f  computer  aided  design,  computer  aided  manufacturing,  and  a 
robotics  and  automated  fabrication  and  test  facility 
<7j48-4?>.  While  the  KC-135  re-engine  program  wilt  be  the 
principal  beneficiary,  the  B-52  and  B-1B  will  benefit 
<44i4-2-19> . 

BMAC's  main  Tech  Hod  project  is  catted  REACH  (robotic¬ 
ally  enabled  assembly  of  cables  and  harnesses).  It  is  a 
totally  integrated  computer-aided  design/manufacturing 
program  that  addresses  aircraft  cables  14-160  feet  tong.  The 
program  should  fit  alt  of  the  requirements  of  the  on-going 
aircraft  programs,  except  for  a  few  cables  and  harnesses  for 
the  B— IB.  The  company  believes  it  would  not  be  economically 

a 

feasible  to  design  the  system  to  handle  these.  The  extra 
cost  would  not  be  valid  for  the  low  quantity  needed. 

The  system  would  consist  of  a  computer-aided  manufac¬ 
turing  engineering  function,  a  computer-aided  design  func¬ 
tion,  and  a  robotics  and  automated  fabrication  and  completed 
harness  test  facility.  The  computer-aided  design  engineering 
and  wiring  integration  cell  would  include  use  of  interactive 
three-dimensional  computer  graphics  to  develop  detailed 
wiring  requirements,  including  cable  lengths  and  bundle 
conf i gurat i ons. 

Chemical  process  and  finishing  of  parts  is  another  Tech 
Mod  innovation  under  development  at  BHAC.  Key  technology  in 
this  process  involves  anodizing  or  alodizing  parts  against 


corrosion  and  applying  a  paint  pr intar  coating.  This  will 
includa  da  si  gn  of  an  automatad  systam  that  will  taka  tha 
parts,  placad  on  racks  for  tha  complata  procass,  and  mow a 
tham  through  tha  corrosion  protaction  and  primar  coating 
procassas  without  any  intarim  manual  handling.  A  computer 
basad  control  and  information  systam  will  control  tha 
mowamant  of  tha  racks  and  aach  traatmant  tha  parts  ara  to 
racaiwa.  Parts  will  ba  bar-codad  so  thay  can  ba  trackad  at 
all  timas.  Automatic  positioning  dawicas  will  hava  sansors 
that  would  diract  spray  guns  to  turn  on  whanavar  tha  part  i 
in  posi t ion. 

Airlift  and  Trainar  SPO  Raturn  on  Invastmant. 


Parsonnal  and  TDY  costs  for  thosa  parsons  inwolwad  in 
all  thraa  of  tha  Airlift  and  Trainar  SPOs  Tach  Mod  programs 
is  as  shown  in  Tabla  XVI.  Tha  total  numbar  of  manyaars 
attributad  to  thasa  programs  is  61.37 . 

Tha  sawings  and  inwastmant  assoc iatad  with  thasa 
programs  is  shown  in  Tabla  XVII.  Tha  raturn  on  inwastmant, 
including  parsonnal  costs,  is  approx imatal y  61. \V.  whila  tha 
raturn  without  parsonnal  cost  is  63.4V.. 


Fiscal  6rad#/Rank 

Y#ar  Ptrctntag*  o-f  Tim# 


0-4 

607. 

0-4 

307 

68-13 

707 

0S-9 

107 

63-13 

237 

0-3 

107 

80 

14,139 

13,449 

24,337 

2,718 

81 

18,082 

13,048 

25,382 

2,832 

82 

20,444 

17,222 

24,444 

2,207 

9,317 

2,930 

83 

21,493 

17,910 

27,710 

2,296 

9,897 

3,136 

84 

22,332 

18,427 

28,480 

2,374 

10,243 

3,333 

83 

23,244 

19,372 

29,828 

2,471 

4,041 

84 

24,174 

20,147 

31 ,021 

2,370 

87 

23,143 

20,933 

32,262 

2,673 

88 

21,791 

2,780 

89 

22,443 

2,891 

90 

23,349 

3,007 

03-12 

0-3 

0-3 

0-4  0-3 

6S-14 

QS-13 

307 

1007 

1007 

37  1007 

37 

37 

16,007 

40,403 

16,643 

42,020 

2,339 

17,227 

32,308 

1,843 

2,421 

2,049 

33,600 

1,937 

33,400 

2,318 

2,131 

34,944 

2,015 

34,944 

2,618 

2,216 

36,342 

2,093 

36,342 

2,723 

2,304 

37,793 

2,179 

37,793 

39,307 

2,266 

39,307 

40,879 

2,337 

40,879 

6S-13 

0-4 

0-3 

307 

237 

207 

total  TOY 

TOTAL 

17,341 

4,663 

79,068 

9,000 

88,068 

18,273 

5,227 

85,063 

9,000 

94,063 

19,033 

8,611 

3,974 

169,237 

10,000 

179,237 

19,793 

8,933 

6,213 

178,427 

10,000 

188,427 

9,314 

6,462 

157,456 

10,000 

167,436 

9,684 

6,720 

169,149 

11,000 

180,149 

10,073 

6,989 

171 ,713 

11,000 

182,713 

10,476 

7,268 

178,382 

11,000 

189,382 

10,893 

7,559 

1 20 , 793 

12,000 

132,795 

11,331 

7,861 

125,627 

12,000 

137,627 

110,691 

12,000 

122,691 

Fiscal  Government  Personnel  Cost  Total 

Year  Investment  SPO  Indirect  Investment 


80 

88,068 

88,068 

81 

2,290,000 

94,063 

2,344,063 

82 

3,000,000 

179,237 

96,179 

3,239,416 

83 

9,684,000 

188,427 

82,119 

9,994,946 

84 

14,200,000 

167,496 

92,374 

14,499,830 

89 

19,000,000 

180,149 

89,476 

19,269,629 

86 

33,309,000 

182,713 

92,699 

33,980,368 

87 

7,000,000 

189,982 

96,796 

7,286,378 

88 

8,819,000 

132,799 

120,279 

9,068,074 

89 

137,627 

124,971 

262,198 

122,691 

130,034 

232,729 

Net  Savings 

Net 

Sav i ngs 

Sav i ngs 

M/Personnel  * 

W/0 

Personnel  * 

80 

(88,068) 

0 

81 

(2,344,063) 

(2,290,000) 

82 

(3,239,416) 

(3,000,000) 

83 

2,000 

(3,932,946) 

(9,682,000) 

84 

4,677,000 

(9,782,830) 

(9,923,000) 

89 

19,239,000 

(30,623) 

239,000 

86 

49,214,000 

11 ,633,632 

11,909,000 

87 

63,883,000 

98,396,622 

98,883,000 

88 

78,231 ,000 

69,162,926 

69,416,000 

89 

61 ,802,000 

61 ,939,802 

61 ,802,000 

90 

66,702,000 

66,449,273 

66,702,000 

•  turn 

on  investment 

wi th  personnel 

cost  61.1% 

•  turn 

on  investment 

without  personnel  costs  63.4% 

Source:  (6) 


Propulsion  Systems  Program  Office 

A  general,  industry-wide  propulsion  Tech  Mod  is  being 


developed  to  upgrade  productivity,  alleviate  critical  bottle 
necks  and  reduce  critical/strategic  materials  consumption  at 


both  the  prim*  and  subcontractor  levels.  The  initial  efforts 
in  the  propulsion  arena  focuses  on  the  prim*  contractors 
(Pratt  it  Whitney,  Garret,  Williams  and  General  Electric)  with 
special  emphasis  on  Key  subcontractors  < 44s 4-2-20). 

The  manufacturing  processes  currently  employed  on  tur¬ 
bine  engines  requires  extensive  machining  of  complex  alloys 
and  manual  inspection  using  old  equipment  and  processes  that 
have  not  Kept  up  with  current  design  and  manufacturing  state- 
of-the-art.  A  primary  objective  of  the  General  Electric  Tech 
Mod  program  is  to  utilize  a  tri -service  approach  to  develop  a 
large  Tech  Mod  Program  that  encompasses  smaller  programs  and 
involves  the  integration  of  advanced  technologies.  Some 
programs  being  considered  are  automated  integrated  fabricated 
parts  manufacturing,  automated  integrated  composites 
manufacturing,  factory  management  system,  and  an  automated 
integrated  manufactur ing  grinding  cell  (44i4-2-20). 

The  initial  Tech  Mod  objectives  for  Pratt  &  Whitney 
provide  for  conceptual  studies  and  preliminary  design  efforts 
for  disK  manufacturing  centers.  Follow-on  efforts  will 
establish  work  center  design,  validate  enabling  technologies, 
and  assure  factory  integration  of  selected  manufacturing 
processes  to  support  the  disK  facility.  In  addition,  con¬ 
ceptual  studies  and  preliminary  design  of  the  mid-term  air¬ 
foil  manufacturing  center  would  be  initiated.  This  effort 
would  extend  beyond  the  Air  Force  and  provide  benefits  for 
all  current  and  future  DOD  engine/engine  spares  acquisitions 


<44i4-2-20) 


Vendor*  and  suppliers  to  engine  prime  manufacturers 


receive  approx imate) y  90  percent  of  funds  spent  on  new 
engines.  The  objective  of  the  subcontractor  Tech  Mod  program 
is  to  address  methods  of  improving  productivity,  cost  reduc¬ 
tion,  materials  utilization,  substitution  of  critical/ 
strategic  materials,  and  to  establish  manufacturing  methods 
to  reduce  costs  and  to  optimize  properties  in  the  processing 
of  powder  composites  and  ingots,  castings,  and  forgings  prior 
to  component  fabrication.  Specific  company  Tech  Mod  funding 
profiles  assume  that  only  one  Tech  Mod  effort  will  be 
accomplished  for  a  vendor/subcontractor  that  serves  any  of 
the  prime  contractors  < 44 t 4-2-20). 

General  Electric  Aircraft  Engine  Group. 

General  Electric  Aircraft  Engine  Group  plans  to  install 
an  integrated  blade  inspection  system  to  automate  inspection 
of  gas  turbine  engine  blades  and  vanes.  The  system's  primary 
benefit  should  be  improved  reliability  since  automation 
removes  human  dec i si on-mtak i ng  from  the  process  of  determining 
whether  a  part  meets  specifications.  General  Electric  also 
plans  to  modify  their  computer-aided  design  equipment  for 
compatibility  with  the  inspection  system  and  prepare  a  design 
study  of  automated  material  handling  for  the  transfer  of 
parts  between  system  modules. 

The  inspection  system  will  have  a  computer  data 
management  network  controlling  four  inspection  modules,  each 
with  robotic  manipulation  of  parts  within  the  module.  The 
data  management  system  will  consist  of  a  Digital  Equipment 


MAX  11/780  connected  to  minicomputer  controllers  on  each 
module  and  with  one  data  transfer  channel  for  interface  with 
the  factory's  overall  control  computer. 

Other  General  Electric  plans  include! 

-  Replacement  of  forklifts  with  computer-controlled 
vehicles. 

-  Automated  reporting  of  production  status  in  which 
information  from  NC  tools  on  job  progress  is  made  available 
to  foremen  for  supervision  purposes. 

-  Automatic  inspection  of  part  dimensions  where  a  tool 
controller,  versus  a  human,  monitors  the  tool  path  and  can 
feed  data  on  variations  to  the  factory  control  system  for 
automatic  adjustment  of  the  programming. 

Propulsion  SPO  Return  on  Investment. 

Table  XMIII  shows  the  personnel  and  TDY  costs  for  those 
involved  in  the  Tech  Mod  programs.  The  total  number  of 
manyears  associated  with  these  programs  is  43.82  with  14.54 
manyears  attributable  to  Phase  I)  5.14  to  Phase  II |  and  24.12 
towards  Phase  III. 

Table  XIX  displays  the  return  on  investment  for  this 


program}  8SX  with  personnel  cost  included  and  84.2%  without 
personnel  cost. 


TABLE  XVIII 


Personnel  and  TDY  Costs  for 
Propus ion  Systems  Program  Office 


Fiscal  Grade/Rank 

Year  Percentage  of  Time 


GS-14 

100% 

GS-14 

75% 

0-4 

100% 

GS-12 

50% 

GS-12 

25% 

0-4 

10% 

82 

44,981 

34,443 

14,007 

8,003 

3,444 

83 

44,781 

35,821 

14,445 

8,323 

3,582 

84 

48,418 

37,254 

17,227 

8,414 

3,725 

85 

50,355 

38,744 

17,914 

8,958 

3,874 

84 

52,349 

40 , 294 

1 8 , 433 

9,314 

87 

40,848 

41 ,904 

9,489 

4,191 

88 

42,482 

43,582 

10,077 

4,358 

89 

44,181 

45,325 

10,480 

4,533 

45,948 

47,138 

10,899 

4,714 

0-5 

10% 

GS-5 

5% 

total 

TDY 

TOTAL 

82 

4,041 

728 

111,447 

27,400 

139,247 

83 

4,202 

758 

114,111 

28,800 

144,911 

84 

4,370 

784 

120,392 

30,000 

150,392 

85 

4,545 

815 

125,208 

31 ,200 

154,408 

84 

4,727 

848 

130,214 

32,500 

142,714 

87 

4,914 

882 

102,431 

33,700 

134,131 

88 

5,112 

917 

104,528 

35,000 

141 ,528 

89 

5,317 

954 

110,789 

34,500 

147,289 

90 

5,530 

992 

115,220 

37,900 

153,120 

Source:  <14> 
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TABLE  XIX 


Government  Savings  and 
Propulsion  SPO 

Invtfttmtnt 

; 

Fiscal 

Government 

Personnel  Cost 

Total 

Year 

Investment 

SPO 

Indirect 

Investment 

82 

139,247 

36,179 

193,426 

83 

144,911 

82,119 

227,030 

84 

31,100,000 

130,392 

92,374 

51 ,342,766 

83 

31 ,300,000 

156,408 

89,476 

31 ,745,884 

86 

39,300,000 

162,716 

92,633 

39,735,371 

87 

47,600,000 

136,131 

96,796 

47,832,927 

88 

34,000,000 

141 ,328 

120,279 

34,261 ,807 

89 

54,800,000 

147,289 

124,371 

33,071 ,860 

90 

60,300,000 

133,120 

130,034 

60,783,134 

Net  Savings  Ne t  Savings 
Savings  U/Personnel  *  U/0  Personnel  * 


82 

<193,426) 

0 

83 

<227,030) 

0 

84 

<31,342,766) 

<51,100,000) 

83 

20,600,000 

<11 ,143,884) 

<10,900,000) 

86 

•  86,400,000 

46,644,629 

46,900,000 

87 

132,100,000 

104,267,073 

104,300,000 

88 

201 ,400,000 

147,138,193 

147,400,000 

89 

237,900,000 

202,828,140 

203,100,000 

90 

307,300,000 

246,716,846 

247,000,000 

Return 

on  investment 

with  personnel  cost  8SX 

Return 

on  investment 

without  personnel 

cost  86. 2X 

Source:  <i< 


Tactical  Fighter  Systems  Program  Off  ice 

The  Tactical  Fighter  SPO  is  involved  in  two  separate 
Tech  Mod  programs,  the  Maverick  Missile  and  the  F-13  Radar 
Although  Armament  Division,  Eglin  AFB,  has  control  of  the 
overall  Maverick  program,  the  SPO  maintains  control  of  the 
guidance  system  installed  in  the  missile.  Hughes  Aircraft 


Company  is  involved  in  both  of  the  Tech  Mod  programs 


conducted  by  the  SPO.  Hughes  Missile  Systems  Group  has  a  Tech 
Mod  program  -for  the  Maverick  Missile.  The  proposal  -for  Phase 
II  o-f  this  Tech  Mod  program  has  not  been  received,  but,  the 
business  deal  has  been  arranged.  There-fore,  personnel, 
savings  and  investment  data  for  the  Maverick  program  have  not 
been  included  in  this  study. 

Hughes  Radar  Systems  Group  is  entering  Phase  III  of 
their  Tech  Mod  program  for  the  F-15  radar.  The  SPO  is 
working  with  the  Navy  on  this  Tech  Mod  program.  The  projects 
undertaken  in  this  program  include  an  Infrared  Solder  Joint 
Integrity  System)  Automatic  Chemical  Analysis  Process)  and  a 
Precision  Measurement  System.  Other  projects,  part  of  the 
continuing  Phase  II  effort,  are  still  under  consideration  for 
the  Hughes  Radar  System  Group. 

The  investments  and  savings  shown  in  the  following 
tables  reflect  those  undertaken  by  the  Air  Force  only  for  the 
F-1S  Radar  Tech  Mod  program.  Other  investments  by  the  Navy 
total  *2.1  million.  The  overall  savings  for  000  resulting 
from  this  Tech  Mod  program  amount  to  *17  million.  The  break¬ 
out  of  investment  by  the  Navy  and  the  Air  Force  was  not 
systemat i cal  1 y  determined.  This  may  be  a  reason  for  the  low 
return  on  investment  experienced  by  the  Tactical  Fighter  SPO 
when  personnel  costs  are  considered. 


program  is  30.42;  4.28  attributed  to  Phase  1  efforts;  10.18 
towards  Phase  II;  and,  13.96  towards  Phase  III. 

The  return  on  investment  with  personnel  cost  included  is 
less  than  0.01%.  The  return  without  personnet  costs  is  23.2%. 
These  cost  are  displayed  in  Table  XXI. 


TABLE  XX 

Personnel  and  TOY  Costs  for  the  Tactical  Fighter 
Systems  Program  Office 


Fiscal  Grade/Rank 

Year  Percentage  of  Time 


GS-14 

30% 

68-13 

20% 

0-3 

23% 

total 

TDY 

TOTAL 

82 

22,491 

7,414 

7,468 

32,308 

11,000 

48,372 

83 

23,391 

7,917 

7,766 

34,607 

11,300 

30,374 

84 

23,178 

8,194 

8,077 

37,603 

12,000 

33,449 

89 

23,178 

8,400 

30,377 

12,300 

46,077 

84 

26,183 

8,736 

43,436 

13,000 

47,920 

87 

27,232 

9,083 

43,402 

13,300 

49,817 

88 

28,321 

9,449 

47,219 

14,000 

31,770 

89 

29,434 

49,108 

14,300 

43,954 

90 

30,632 

31 ,072 

13,000 

43,632 

Sourcei  <17> 


TABLE  XXI 


Sovarnmant  Savings  and  Invastmant 
Tactical  Fightar  SPO 


Fiscal 

Govarnmant 

Parsonnal 

Cost 

Total 

Yaar 

Invastmant 

SPO  Indiract 

Invastmant 

82 

48,572 

54,179 

104,749 

83 

545,000 

50,574 

82,119 

497,493 

84 

120,000 

53,449 

92,374 

245,822 

89 

172,000 

44,077 

89,474 

307,554 

84 

121 ,000 

47,920 

92,455 

241 ,575 

87 

49,817 

94,794 

144,412 

88 

51,770  120,279 

172,049 

89 

43,954  124,571 

148,525 

90 

45,432  130,034 

175,444 

Nat  Savings 

Nat 

Sav i ngs 

Sav i ngs 

U/Parsonnal  1 

U/O 

Parsonnal  * 

82 

<104,749) 

0 

83 

<497,493) 

<545,000) 

84 

<245,822) 

<120,000) 

85 

249,000 

<38,554) 

97,000 

84 

354,000 

92,425 

233,000 

87 

344,000 

197,388 

344,000 

88 

322,000 

149,951 

322,000 

89 

397,000 

228,475 

397,000 

90 

423,000 

247,334 

423,000 

Raturn 

i  on 

invastmant  with 

parsonnal  cost  lass  than  0.01X 

Raturn 

i  on 

invastmant  without  parsonnal 

cost 

23. 2X 

Sourca:  <17) 


Rtconnaissanca  Uarfara  Systams  Program  Offica 

Tha  Raconnai ssanca  Uarfara  SPO  is  involvad  in  Tach  Mod 
Programs  for  Saak  RAM,  an  aarly  warning  systam  for  jamming) 
INEUS,  tha  naxt-ganarat i on  jamming  systam  of  Saak  RAM)  and 
LANTIRN.  Tha  Saak  RAM  and  INEUS  Tach  Mod  programs  ara  in  tha 
davalopmant  stagas.  Tha  davalopmant  and  imp  l amantat i on  of 
projacts  undar  tha  guisa  of  Tach  Mod  are  aiamants  baing 
considarad  during  tha  Sourca  Sal  act  ion  procass.  Contractors 


submitting  proposals  with  Tech  Mod  considerations  are  Ray¬ 
theon,  Goleta,  California  and  West inghouse,  Baltimore,  Mary¬ 
land.  The  LANTIRN  Tech  Mod,  in  Phase  II,  is  being  conducted 
by  Martin  Marietta. 


*f  Tie  rill  «F  T3I  Ilra'ISF  ITT  vx  wm 


Martin  Marietta's  Tech  Mod  goal  is  to  design  and  imple¬ 
ment  an  integrated  work  center  to  reduce  the  production  cost 
for  300  LANTIRN  (Low  Altitude  Navigation  and  Targetting 
Infrared  8ystem  for  Night)  pods.  Their  general  goals  in  the 
design  of  the  work  center  are t 

1.  minimize  human  intervention) 

2.  paperless  operation) 

3.  require  no  special  tooling) 

4.  automatic  set-up  of  machinery  and  tooling) 

9.  overlap  set-up  time  with  run  time) 

6m  minimize  work-i n-process  inventory) 

7.  maximize  equipment  utilization) 

8.  minimize  product  flow  time  and  handling) 

9.  measure  performance  at  the  lowest  possible  level; 

10.  minimize  the  impact  of  configuration  changes) 

11.  accept  high  mix,  smalt  lot  production)  and 

12.  flexibility  to  accept  future  product  designs. 

The  specific  LANTIRN  Tech  Mod  contract  calls  for  the 

development  of  an  integrated  work  center  to  produce  and  test 
300,000  hermetic  chip  carriers  (HCC)  per  year  and  to  produce 
and  test  30,000  circuit  card  assemblies  (CCA)  per  year. 

The  automated  work  center  consists  of  four  cells.  Fac- 


tory  analysis,  supported  by  Air  Force  industrial  engineers, 
-found  that  direct  touch  labor  in  all  -four  cells  was  the  major 
cost  driver  to  be  addressed  by  the  Tech  Hod  program.  The 
measure  o-f  cost  reduction  through  the  Tech  Mod  is  the  differ¬ 
ence  between  *as-isa  and  a to-be*  touch  labor.  Actual  labor 
hours  were  determined  from  industrial  engineering  standards 
verified  by  production  of  32,000  devices  prior  to  July  1982. 

In  Cell  1,  HCCs  are  transported  in  'boats*  which  are 
loaded  into  and  unloaded  from  each  process.  Through  the  use 
of  robots,  human  intervention  will  occur  after  each  group  of 
ten  HCCs,  as  opposed  to  each  HCC  in  the  current  system. 

Cell  2  is  where  HCC  *burn-in*  is  accomplished. 

Automation  of  loading  and  unloading  of  HCCs  for  burn-in  was 
shown  to  be  the  only  area  in  cell  2  that  would  be  cost 
effective. 

The  use  of  direct  numeric  control  computers  in  cell  3  to 
accomplish  the  process  of  placing  components  on  each  CCA  is 
expected  to  reduce  touch  labor  by  90  minutes  per  CCA.  Bar 
code  scanning  throughout  cell  3  will  track  the  movement  and 
completion  of  each  CCA.  This  information  will  be  transmitted 
to  the  VAX  11/750  computer  for  real  time  work-in-process 
i nf ormat i on . 

Cell  4,  the  inspection  station,  will  use  a  video  inspec¬ 
tion  system  which  compares  a  good  CCA  to  the  assembly  being 
evaluated.  The  operator  determines  if  the  comparison  is  sat¬ 
isfactory  and  communicates  the  results  to  the  VAX  11/750  by 
touching  a  menu  selection  on  a  video  terminal.  The  process 


Personnel  and  TDY  costs  associated  with  these  Tech  Mod 
pro-  grains  are  shown  in  Table  XXII.  Total  number  of  manyears 
is  26.62.  The  savings  and  investment  associated  with  these 
programs  is  depicted  in  Table  XXIII.  The  return  on  investment 
without  personnel  cost  is  IS. 3 V.  while  the  return  with 
personnel  cost  included  is  12. 2/.. 

TABLE  XXII 

Personnel  Costs  -for  Reconnaissance  Warfare 
Systems  Program  Office 


Fiscal 

Year 


Grade/Rank 
Percentage  of  Time 
0-4  0-3  GS-9 

30 V.  20X  20X 


18,427 

19,372 


GS-4 
3 V. 


20,933 

788 

21 , 791 

820 

22,443 

833 

23,349 

887 

Total 

TOY 

TOTAL 

82  31,249 

13,900 

45,149 

83  32 , 498 

14,400 

44,898 

84  33,772 

15,000 

48,772 

85  31 , 743 

15,000 

4 4,743 

84  20,903 

15,000 

35,905 

87  21,741 

15,000 

34,741 

88  22,411 

14,000 

34,411 

89  23,515 

14,000 

37,515 

90  24,434 

14,000 

38,454 

TABLE  XXIII 


Government  Savings  and  Investment 
Reconnaissance  Uiar-fare  SPO 


Fiscal 

Government 

Personnel  Cost 

Total 

Year 

Investment 

SPO  Indirect 

Investment 

82 

900,000 

45,149 

36,179 

1 ,001 ,328 

83 

2,100,000 

46,898 

82,119 

2,229,017 

84 

2,100,000 

48,772 

92,374 

2,241,146 

85 

2,600,000 

46,763 

89,476 

2,736,239 

86 

35,903 

92,635 

128,360 

87 

36,741 

96,796 

133,337 

88 

36,611 

120,279 

156,890 

89 

37,515 

124,571 

162,086 

38,456 

130,034 

168,490 

Net  Savings 

Net 

Sav i ngs 

Sav i ngs 

W/Personnel  * 

W/0 

Personnel  * 

82 

< 1 ,001 ,328) 

(900,000) 

83 

<2,229,017) 

(2,100,000) 

84 

<2,241,146) 

(2,100,000) 

83 

<2,736,239) 

(2,600,000) 

86 

160,000 

31 ,440 

160,000 

87 

3,120,000 

2,986,463 

3,120,000 

88 

4,870,000 

4,713,110 

4,870,000 

89 

4,870,000 

4,707,914 

4,870,000 

90 

1 ,580,000 

1 ,411,510 

1 ,580,000 

Return  on  investment  with  personnel  cost  12.2X 
Return  on  investment  without  personnel  cost  13.3 V. 


1 


1 


1 
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Product i Vi ty 


Productivity  growth  within  the  United  States  has  been  on 
the  decline  -for  the  past  10  years.  Reasons  attributed  to 
this  decline  includes  using  older  equipment  for  production; 
desire  for  an  immediate  return  on  investment  while  utilizing 
a  lower  rate  of  capital  investment  -  throughout  the  nation, 
more  investments  have  been  made  in  labor  versus  capital 
equipment;  and  social  programs  such  as  OSHA  and  EPA.  As 
reported  by  Mr.  Dennison,  productivity  increased  in  the  U.S. 
from  1948-73  due  to  increased  emphasis  on  advancements  in 
knowledge;  increases  in  education;  improvements  in  resource 
allocations;  and  economies  of  scale.  But,  since  that  time, 
the  emphasis  in  these  areas  has  declined  causing  a  decline  in 
productivity  growth. 

One  theory  as  to  the  cause  for  the  decline  in  produc¬ 
tivity  growth  is  that  industries  are  continuing  to  rely  on 
old  technologies.  According  to  the  theory  developed  by  the 
System  Dynamics  Group  (see  chapter  1;  Technological  Change), 
investments  in  old  technologies  will  not  appreciably  improve 
the  productivity  growth  rate.  Rather,  investments  in  the 
newer,  developing  technologies  -  solar  energy,  biogenetics, 
computers,  etc.,  -  will  prove  to  be  the  best  method  to 
increase  the  growth  of  productivity. 

Uhile  the  DOD  is  aiding  defense  contractors  in  devel- 


I 


oping  these  new  technologies,  the  transfer  of  information 
regarding  these  new  developments  is  a  major  concern.  For  the 
D00,  this  is  an  important  concern  due  to  an  ever  increasing 
desire  for  weapon  systems  to  out-perform  any  system  deployed 
by  the  Soviets  or  their  allies.  New  technologies  for  produc¬ 
tion  are  required  to  meet  the  advances  in  the  structural  and 
electronic  components  of  these  new  systems. 

Technology  Modernization  and  Productivity 

The  Technology  Modernization  Program  was  designed  by  the 
000  to  share  increased  productivity  with  defense  contractors 
while  reducing  the  overall  price  of  a  weapon  system.  The 
impetus  of  this  program  is  to  get  defense  contractors  to 
invest  in  new,  modern,  technologically  advanced  equipment  for 
the  production  of  weapon  systems  and  their  components. 

Reduced  system  acquisition  cost  and  modernization  are  not  the 
only  goals  of  the  Tech  Mod  program.  Others  include  indus¬ 
trial  base/mi  1 i tary  worth  consi derat  ions i  such  as  shorter 
lead  times,  decreased  use  of  critical  materials,  improved 
surge  capability  and  the  potential  for  technology  transfer. 
The  economic  benefit  of  a  Tech  Mod  is  the  return  to  be 
realized  over  the  production  life  of  a  system. 

The  results  of  this  study  have  shown  that,  through  the 
Tech  Mod  program,  contractors  are  investing  in  new  equip¬ 


ment.  According  to  this  study,  these  investments  appear  to 
be  saving  the  DOD  money  while  allowing  the  contractor  to 
realize  an  improved  return  on  their  investment.  These 


estimated  savings,  again,  are  subject  to  scrutiny  due  to  the 
inability  to  adequately  verify  them. 


Ths  Air  Fore*,  Aeronautical  Systems  Division  in  parti¬ 
cular,  is  conducting  Tech  Mod  programs  with  thirty— four 
different  contractors  at  differing  levels  of  the  contracting 
tier)  prime  contractor,  sub-contractor,  and  vendor.  The 
government  plans  to  invest  *670,232,000  for  productivity 
improvements  with  these  contractors  for  an  expected  savings 
of  *2,025,230,000.  The  government's  return  on  this  invest¬ 
ment,  without  personnel  cost  included  is  178X;  with  person¬ 
nel  cost  included,  171X.  This  return  does  not  include  the 
additional  savings  accruing  to  other  USAF  or  DOD  programs. 
They  are  attributable  to  specific  programs  as  shown  in  Table 
XXIV.  Table  XXV  shows  the  aggregated  investment,  personnel 

a 

cost,  and  savings  for  each  year  of  ASD's  involvement  in  Tech 
Mod. 


Table  XXIV 

Savings  and  Investment  Data  for  All  ASD  Tech  Mod  Programs 


<  in 

i 

a 

o 

© 

* 

ss 

Program  Office 

i 

i 

4*  e 

6  9 

£  c 
CD  m 

Pers. 

Cost 

Sav i ngs 

Svgs  Less 
Investment 

F-16  SPO 

193,300 

1 ,613 

573,500 

378,587 

8-1 B  SPO 

40,000 

1,705 

97,800 

56,095 

Airl if t  and 

89,254 

2,501 

337,750 

245,995 

Trainer  SPO 

Propulsion  SPO 

339,000 

2,216 

1 ,025,900 

684,684 

Tactical  Fighter 

978 

1 ,001 

2,109 

130,000 

SPO 

Reconnaissance 

7,700 

1  ,257 

14,600 

5,643 

Warfare  SPO 


TABLE  XXV 


Aggragata 

Raturn  on 

Invastmant  for  All  Tach 
(in  000s> 

Mod  Programs 

Fiscal  Burnt. 

Pars. 

Sav i ngs 

Nat  Svgs. 

Nat  Svgs. 

Yaar  Inv. 

cost 

w/Pars  ♦ 

w/o  pars  % 

77 

33 

(33) 

0 

78 

4,800 

34 

(4,834) 

(4,800) 

79 

3,400 

139 

10,200 

4,661 

4,800 

80 

6,700 

251 

22,900 

15,949 

16,200 

8! 

9,350 

268 

30,500 

20,882 

21,500 

82 

18,200 

963 

24,200 

3,037 

6,000 

83 

39,049 

1,149 

31,102 

(9,096) 

(7,947) 

84 

105,820 

1 ,206 

41 ,077 

(65,949) 

(64,743) 

85 

81 ,672 

1,174 

120,608 

37,762 

38,936 

86 

94,826 

1,173 

222,928 

126,929 

128,102 

87 

78,000 

1,174 

310,847 

231 ,673 

232,847 

88 

86,415 

1 ,013 

344,894 

237,466 

258,479 

39 

79,500 

1 ,032 

407,369 

326,837 

327,869 

90 

60,500 

1 ,054 

458,605 

397,051 

398,105 

670,232 

10,662 

2,025,230 

1 ,344,336 

1 ,354,998 
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Tha  prami  sa  o-f  this  study  mss  to  datarmina  if  tha 
savings  gtn*rat*d  by  aach  Tach  Mod  program,  would  ba  as  graat 
if  tha  govarnmant's  managamant  costs  wara  includad.  Tha 
basis  of  this  pramisa  was  that  "33  manyaars  of  affort  ara 
axpandad  on  a  typical  Tach  Mod  program”.  This  study  shows 
that  tha  avaraga  is  38.99  manyaars  par  SPO  with  a  standard 
daviation  of  12.4  manyaars.  Anothar  rasult  of  this  study  is 
that  thara  is  no  "typical”  Tach  Mod  program.  Savings,  as 
wall  as,  inuastmants,  both  contractor  and  govarnmant,  ara 
basad  on  tha  capabilitias  of  aach  program. 


Thara  ara  vary  faw  similarities  among  thasa  Tach  Mod 
programs.  Tha  main  thama  that  all  hava  in  common  is  that 


they  are  functionally  managed  by  the  personnel  within  the 
Manufacturing  Directorates  of  the  SPOs.  This  was  one  com¬ 
plaint  proposed  by  the  Tech  Mod  managers.  They  believe  the 


programs  should  be  managed  in  the  Special  Projects  Director¬ 
ates  of  the  SPO  in  order  to  have  complete  visibility  into  all 
aspects  of  the  program.  This  management  concept  is  being 
used  in  the  Airlift  and  Trainer  SPO.  But,  the  manufacturing 
personnel  appear  to  have  an  in-depth  knowledge  of  all  aspects 
of  the  program. 

Another  similarity  between  each  of  the  programs  is  that 

there  are  not  enough  personnel  assigned  to  the  programs  to 

fully  understand  each  program.  One  person  stated  that  the 

Tech  Mod  program  in  his  SPO  was  being  managed  on  an  ad  hoc 
* 

basis;  the  program  was  assigned  to  no  one  in  particular. 

When  an  urgent  requirement  for  the  program  arose,  the  first 
available  person  was  assigned  to  work  the  problem. 

ProJftt  Mintfltrt'.  PirctBtioni  of  Tftch.Jttrt- 

Along  with  reducing  costs  and  raising  productivity  for 
specific  contractors,  the  goal  of  Tech  Mod  is  to  encourage 
all  contractors  to  modernize  or  update  their  production 
facilities.  Many  of  the  project  managers  contacted  in  this 
study,  have  stated  that  Tech  Mod  has  achieved  this  goal. 
Contractors  have  contacted  the  SPOs  to  determine  if  they  are 
eligible  for  the  program.  If  they  are  requesting  aid  to 
upgrade  their  factory,  with  off-the-shelf  technologies,  they 
are  not  eligible.  But,  if  they  want  to  invest  in  new 
technologies,  beneficial  to  the  DOD,  they  are  eligible  for 


tha  program.  Many  contractors,  unabla  to  racaiva  tha  saad 
monias,  ara  raquasting  incantiva  provisions  in  thair  con¬ 
tracts  for  doing  tha  invastmant  on  thair  own.  Tha  projact 
man agars  baliava  tha  causa  for  this  turn-around  on  tha 
invastmant  scana  is  dua  to  tha  parcaivad  compatitiva  adga  tha 
currant  Tach  Mod  contractors  hava  ovar  tha  dafansa  industry. 

For  thosa  contractors  not  currantly  involvad  in  Tach 
Mod,  or  ara  saaking  naw  contracts  with  tha  govarnmant; 
capital  invastmant  in  modarn  aquipmant  or  proposad  Tach  Mod 
programs  is  bacoming  a  major  factor  in  tha  sourca  sal  act  ion 
procass.  As  statad  praviousiy,  tha  contracts  for  tha  Saak 
RAM  and  INEWS  sys tarns  hava  Tach  Mod  programs  as  ona  of  tha 
cons idar at  ions  for  sourca  sal  act  ion. 

A  concarn  aspousad  by  tha  projact  managars  is  tha  lack 
of  adaquata  maans  for  tha  transfar  of  information  on  currant 
manufacturing  improvamants.  This  lack  is  aspacially 
pronouncad  in  tha  contractors'  arana.  Currant  mathods  for 
gatting  information  to  all  tha  contractors  includai  Dafansa 
Tachnical  Information  Cantar  <DTIC>;  an  annual  Mndustrias 
Day”  whara  all  contractors  display  thair  bast  production 
capabi 1 i t i as;  and,  tha  National  Tachnical  Information 
Sarvicas  which  publishas  ona-paga  briafs  dascribing  complatad 
manufacturing  tachnology  projacts. 

Concarn  was  also  axprassad  for  tha  axchanga  of  infor¬ 
mation  batwaan  tha  sarvicas;  Air  Forca,  Army,  Navy,  and  othar 
govarnmantal  agancias.  Tha  maans  of  transfarring  information 
ara  much  tha  sama  as  thosa  usad  for  tha  contractors.  Yat, 


With  Tech  Mod  Project  Managers  being  concerned  about  the 
lack  o-f  transfer  of  information,  a  better  system  to  aid  in 
the  dissemination  of  this  information  may  need  to  be 
developed.  This  study  did  not  specifically  address  this 
problem  if  in  fact  it  does  exist.  A  better  understanding  of 
the  data  requirements  on  each  Tech  Mod  contract  is  needed 
before  the  issue  can  be  addressed.  Currently,  each  con¬ 
tractor  submits  an  end-of-phase  report  to  the  government 
addressing,  the  methods  used  to  determine  the  technologies 
developed  as  well  as  a  technical  report  on  the  status  of  each 
phase  of  the  program. 

Tech  Mods'  goals  include  decreasing  the  need  for 
critical  materials,  reduction  of  the  lead  times  for  weapon 
system  production,  and  improving  the  surge  capability  of 
defense  contractors.  Here,  again,  this  aspect  of  the  Tech 
Mod  program  was  not  addressed  in  this  study.  The  accom¬ 
plishments  of  these  goals  might  be  determined  by  looking  at 
Rockwell's  Tech  Mod  program.  The  Aluminum  Precision  Forging 
project,  in  particular,  may  be  helpful  in  reducing  critical 
materials  as  well  as  reducing  lead  times. 

A  continual  look  at  the  current  Tech  Mod  programs  is 
needed.  Areas  of  concentrat i on  would  be  on  the  savings 


reported  by  the  contractors.  Many  of  the  programs.  General 
Dynamics,  Lockheed  and  others,  purport  to  save  the  DOD  monies 
on  different  programs  other  than  the  ones  for  which  they  were 
structured  <F-14,  C-3A) .  Although  the  savings  accruing  to 
these  programs  may  not  be  determined  on  the  surface,  an 
analysis  of  the  rate  of  cost  growth  from  an  older  weapon 
system  to  a  new  one  may  indicate  if  savings  have  occurred. 
Other  potential  comparison  areas  lie  in  the  General  Dynamics 
program,  should  they  be  awarded  a  contract  for  the  Advanced 
Tactical  Fighter,  or  the  Rockwell  program,  should  the  current 
acquisition  extend  beyond  100  aircraft.  These  two  programs 
are  subject  to  the  acceptance  and  approval  of  Congress. 

Other  areas  of  investigation  might  include  an  analysis 
of  the  contractor's  annual  reports.  Has  their  return  on 
investment  ratio  changed?  Ha's  there  indeed  been  an  increase 
in  capital  equipment  expenditures?  Are  there  plans  to 
continue  investment  in  current  technologies,  or  will  these 
contractors  stagnate  in  the  investment  arena  once  the  Tech 
Mod  program  has  been  completed? 

Related  to  the  contractor's  investment  decisions,  a 
study  comparing  those  contractors  currently  involved  in  Tech 
Mod  with  those  who  are  not,  should  be  undertaken.  This  study 
could  lend  greater  or  less  support  to  the  total  concept  of 
the  Tech  Mod  program.  This,  in  turn,  may  lend  greater  cre¬ 
dence  to  the  use  of  multiyear  contracting  and  other  methods 
the  DOD  has  arranged  for  reducing  weapon  system  costs  while 
increasing  productivity. 
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